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PREFACE. 



The Sixty-second Congress, first session, authorized and directed 
that investigations should be carried on, in part by the Bureau of 
Soils, United States Department of Agriculture, and in part by the 
United States Geological Survey, looking to the fertilizer resources 
of the United States, with special reference to possible sources of 
potash salts. A preliminary report was prepared by the Bureau of 
Soils, from which* it appears that the United States contains within 
its borders ample supplies of raw materials, suitable for commercial 
exploitation, for the manufacture of standard types of fertilizers. 
This report was submitted to the President and by him transmitted 
to Congress and printed as Senate Document No, 190, Sixty-second 
Congress, second session.. The discussion of certain features of the 
investigations which have been inaugurated were quite full in the 
preliminary report cited. Subsequent work, however, requires more 
detailed reports of other features, and these will be given from time to 
time, as the progress of the work justifies, in appropriate form,' 

The present bulletin covers another phase of this investigation 
of the Nation's fertilizer assets, namely, the probable value of natural 
brines and salt welb as a source of potash salts. Potassium is 
practically always present, and sometimes in appreciable quantities. 
A careful consideration of all the factors involved makes it appear 
quite improbable, however, that any known American occurrences 
of neutral salt mixtures can be worked economically for potash under 
such commercial conditions as now exist or are likely to exist, so 
far as the future can be foreseen. Certain alkaline deposits con- 
taining carbonates or borates or both may have an importance in 
this connection and will be discussed in later publications when 
fuller investigation shall have justified the formation of a soimd 
judgment concemii^ them. At present while other American sources 
of potash hold promise of commercial importance, the giant kelps of 
the Pacific littoral seem to be the lai^est and most practicable source 
for this material yet determined. 

Frank K. Cameron, 
In charge Chemical ami Physical LaboraUrriea. 

1 Boa Id this oannMtiDn tbe fiiUavliig pubUcitlaiu ol tUi boieau: 

Bui. Nd. 09. A Revlsw ot tbe Pbaphale FleldB of Idaho, Utah, and Vj<mta%, hj W. B. Wagtanuo. 

Bal. No, TS. A BeiMw of lh« PboBfihaU FicMi ol Floflda, b; W. B. Wtggaman. 

Biit. No. 81. A Bcport tai the Natuial Phospliates o( Tauuswe, EeDtacky, and Aikamas, b; W, H. 



arc. No. 70. Alonlte u a Source ot Potosh, bj W. H. Waggaman, 

drc No. 71, The Eitnetlon of Potuh Iiom BQlcate Roito, by WIDlam B. Kess. 

Beveral publicatlous along aimilat lioes have appeared (ram Ihe U. 8. QNloglcal Surrey. 
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THE OCCUKRESCE OF POTASSIUM SALTS IN THE SAUNES 
OF THE UNITED STATES. 



The oceaD may be regarded as the recipient of the soluble matter 
dissolved by rain water as it flows over and percolates through the 
Upper strata of the earth's crust. The view is, in the main, correct. 
Thus the ocean has become the storehouse of the great bulk of the 
soluble saline constituents of the earth's crust. But there are certain 
drainage waters which never reach the ocean. These flow into 
certain depressions, found on several continents, which have no 
outlet to the sea and where the conditions are favorable to rapid 
evaporation. The dissolved matter carried therein accumulates 
and results in the formation of saline lakes or the deposition of saline 
crusts. 

The source of the bases entering into the composition of much 
of the saline material found in the ocean and in the waters flowing 
into the ocean ia the decomposing minerals of the earth's crust, 
igneous and sedimentary. The ultimate source of all the saline 
matfflial of the ocean is a matt«r of speculation. Thus the sodium 
feldspars, on decay under atmosphmc influences, yield the sodium 
as oxide to the percolating waters. This uniting with the carbon 
dioxide from the atmosphere becomes sodium carbonate. The 
potassium feldspars (microdine and orthoclase) in like manner lead 
t3 the formation of soluble potassium compounds. The nature of the 
bases dissolved then is determined by the nature of the rocks leached, 
and the nature of the salts conveyed into a basin is determined by 
that of the rocks surrounding that basin. The ocean may be r^arded 
as such a basin whose inclosing rocks aie those of all the land areas. 
In the ocean water are to be found accordingly all the coouuoner 
inorganic salts which occur in nature and are capable of existiog, 
under the circumstances, as soluble salts. In this discussion, how- 
ever, the continental basin will be treated as different from the ocean. 
In small continental basins the rocks comprising the watershed or 
drainage areas are more easily defined and likewise the formation of 
the salt mixture which accumulates therein. Just as the rocks 
surrounding one basin may vary from those surrounding another, 
so the salts occurrii^ in or deposited from lakes may vary widely in 
composition from those of sea-water and, as well, from those of other 
continental basins. 
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FOTASSnm SALIB IN SALINES OF THE UNITED STATES. 



While the igneous rocks are the ultimate source of the bases com- 
posing such salte, it must be borne in mind that some if not a major 
part of the sodium chloride found in some streams may be the cyclic 
salt which has been carried from the ocean and arid regions bordering 
the ocean by eolean agencies. In certain saline basins near the ocean 
the soditmi chloride may be entirely derived from this source. With 
sodium chloride must be transferred the other saline constituents of the 
ocean, as the particles of saline dust borne by the winds originate from 
the desiccation of minute drops of ocean water. Or it may be in part 
the salts found in sedimentary rocks, originating from occlusions of 
ocean brine or from adsorption of saline materials from ocean water. 

It is to be expected that the salts laid down in continental basins 
would be made up of mixtures in which the ratio between the bases 
is the same as that in which they exist in the rim rocks of the basin. 
That such is not the case is explicable in part by the selective adsorp- 
tion created by the earth filters through and over which the seeping 
waters pass. Thus potassium is very largely eliminated, while 
sodium is allowed to pass. This fact, at least in part, accoimts for 
the preponderance of sodium over potassium in the accrmiulated 
water from drainage areas. 

Analyses of ocean water and the water £rom certain typical saline 
lakes are given in the following tables. 

From an examination of these tables it will be seen that the differ- 
ence between the salts contained in the various basins (regarding tbe 
ocean as a basin) is in general one of relative amounts of the con- 
stituents rathei*than of kind. 

Data gathered from a study of one, then, may be applied, within 
limits, to the study of the others. 

Table I.—AjMlytii of ocean aaltt.^ 
(Paru per 100,000,1 
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The continued desiccation of any isolated body of aalt-laden water 
results in the deposition of some of the salts. Since eraporation 
takes place from the surface more rapidly than diffusion, the solution 
there becomes more concentrated and of higher specific gravity. It 
is presumed that as a consequence it flows from the surface to the 
bottom of the basin and that the more concentrated solution accumu- 
lates near the bottom. Eventually the concentration there reaches 
successively the saturation point of the respective saline constituents 
and the latter are deposited in the order of their solubiUties. 

This theory of the concentration of saline waters really accounts 
only for the formation of concentrated brines and not for the actual 
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12 POTASSIUM SAI.TS IN SALINES OF THE UNIIED STATES. 

crystallization. Obviously, crystallization does not occur from 
saturated brine unless it is chilled or further evaporated. Chilling 
may take place in the bottom of a lake, but evaporation can not. 
The phenomena observed as accompanying crystallization induced 
by evaporation lead one to conclude that crystallization takes place 
on the surface of the evaporating solution and that the crystals 
formed on the surface drop to the bottom, either as a meal or as 
parts of a crust. This is known to be the case in the beaker, the salt 
pan evaporators, and likewise in Great Salt Lake, where, during the 
winter, thin crusts of sodium sulphate form and undoubtedly fall to 
the bottom of the lake. 

As desiccation proceeds there should be built up in the bottom of 
the basin a stratified deposit of salts, the order of which from the 
bottom upward represents the order of their solubility under the 
conditions existing. As it is not a case of the solubility of the salts 
in pure water, values which are familiar, but rather their solubility 
in the solutions of each other or their reciprocal solubilities, it is not 
at first apparent what the order of deposition will be. Numerous 
variables exert mutual influences. Desiccation may proceed at 
once to complete dryness, when all the constituents will crystallize. 
Periods of humidity may succeed periods of aridity, when the strata 
of salt will be repeated. Seasonal periods of himiidity may cause a 
deposition of sand or clay as an interstratification of the salt layers, 
or a long period of himiidity followii^ a long period of aridity may 
lead to the resolution of the deposit or, more probably, its complete 
covering by a deposition of clay. The tatter would tend to preserve 
the salts from further disturbance. In subsequent geologic ages 
they may become buried hundreds of feet deeper. In such maimer the 
known deposits of salts may be explained. 

It has been seen that the difierence between the compositions of 
the various bodies of salt-bearing water is one of the relative propop 
tions of the saline constituents rather than of the nature of the con- 
stituents, though differences of the latter sort are also to be found. 
Sodium chloride, in general, is found to be present in preponderance. 
It ia generally true that the first substances to' crystallize are calcium 
carbonate, calcium sulphate, and sodium chloride, in the order 
named. As the period of crystallization of sodium chloride is a very 
long one, it may frequently be interrupted by periods of humidity. 
And, too, before the end of this period is reached, the conditions 
favoring crystallization may come to a permanent end, so that suc- 
ceeding salts do not make their appearance in the solid form. 

The most complete series of stratified salt deposits known in nature 
are those of the Magdebuig-Halberstadt rc^on of Germany, com- 
monly known as the Stassfurt deposits. The entire column of strata 
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has a total thickness of about 2,700 feet. The lower masses are pure 
rock salt with interstratifications of c&lcimn sulphate, above which 
ia more rock salt, which is contaminated by some of the more soluble 
Hubstancee with which the evaporating- solution had become con- 
centrated; these are found crystallized in the superimposed strata as 
sulphate of magnesium and the complex salts, chlorides, and sul- 
phates, of magnesium, calcium, sodium, and potassium. The borates, 
likewise, have formed s^regated layers of crystalline double salts; 
and interposed with all the salt bodies are strata of sodium chloride. 
An impervious layer of clay blankets the entire deposit. 

The Stassfurt deposit, it is commonly accepted, was laid down by 
an evaporating arm of the sea into which renewed volimies of sea 
water continually flowed. That it was not the result of the complete 
desiccation of an inland lake is indicated by the enormous mass of 
salts s^regated. It is taken as the criterion by which one is able to 
predict what will happen upon the evaporation of analogous bodies 
of water and to say what has happened in the case of other deposits 
of salts. 

As the deposition of rock salt is dependent only on suitable con- 
ditions of topography and aridity, it is not confined to any geologic 
age. This fact is brought out by the following table of distribution:' 

Table IV.— Dwtniution o/taHnt $egregaia. 




Eirgbii iteiipes: Anbla; South America; I>«*d S«: QrMt Silt lAkg, MUd 
numerous <^***"~ "-'^'-** *-■'--*- — ..^— it-^*.^ 6*..*^. 
uiloiia, Bp 
lflnai;Xn 



numerous otligr incleot bAsi fn western tlnltad itatei. 
Canloiia, Spain; Wlallraka and Badinla, OaUda; Slebonbui 
Iflnoi: Armenia: Rimini, Ital;; Petit Ann, !«.; Calllbnila, 



, , AIeKm. 

Rodoibuncin Uu Dauter Bi , _ 

Lamlne; Ball, Tnol: HaUeln and Bcn^twitdeii (nea: .,. 

Hanover. SwDenliigvii near Bronawni, SolidertMlden; Qiashlie, Kn^ 

Otca, Artan cnmringla); Slaa«lurt, Halle, SpoaiAeix; e<«ebMi (Hal- 
stun): Einbls Btappea on tba iItbt HeA <Kaiuaa),i 
Eanawba and New Blvvt, W. Va.; DurtuuD and Brislol, En^and. 
WlnduU, Uleh. 
New York; We*t VtrHnlw Baginair, Uldi.i Oodedidi, Ouada, 



■Hawortii, Geo). Surrey, Kansas; Aim. BuL, IWT, p. M. Eanla, lA. QeoL Barrer, BuL T, p. M. 

The deposition of a stratum of sand or gravel upon the bottom of a 
basin occupied by a saline lake or sea, followed by that of an imper- 
vious stratum of clay, would result in the occlusion of a certain 
amount of the brine in the pervious layer; or the passage of perco- 
lating water through beds of deposited salts would result in a brine 
which would find lodgment in pervious strata, such as sandstones, 
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or would be forced to the surface by pressure from below. One or 
the other of these ways accounts for the formation and occurrence 
of the so-called natural brines. 

In the United States salts are obtained, or have been obtained, 
commercially from every form of salt s^regate discussed in the fore- 
going paragraphs from the brine of the ocean on the Pacific coast; 
of certain salt lakes, such as the Great Salt Lake; of the brine- 
impregnated strata underlying certain portions of Ohio, Pennsyl- 
vania, West Vii^iinia, and Michigan; of salt springs in the early 
days of the salt industry in the United States; and from the beds 
of rock salt encountered in New York, Ohio, Michigan, Kansas, and 
Louisiana. 

In the main, sodium chloride, or common s&lt, has been the sub- 
stance sought, and in most instances it has been the only one of the 
salts whose recovery has been commercially possible. Exceptions 
to this generalization are found in the recovery of borates from cer- 
tain of the desert basins of the western deserts, of sulphates and car^ 
bonates from salt lakes and salt deposits, and of calcium and magne- 
sium chlorides and of bromides from the natural brines of Ohio, 
Michigan, and West Virginia. 

Since the crystallization of salt is the product of an evaporated 
body of brine and since most natural brines contain, in general, the 
same constituents, though in different amounts, the occurrence of 
one such saline constituent is taken ss an indication of the possible 
presence of others. In a quest for potassium salts, search has been 
made in those masses of natural products which have been known 
to contain the other salts. 

CFEOLOOT OF SAUFEBOUS DBPOSTCB. 

THE SALINA FOEMATION. 

The SaJina formation derives its name &om the strata of rock salt 
which it incloses. The salt beds of New York, Ohio, Michigan, and 
Ontario are referred to this formation. 



The Salina group of rocks, sometimes spoken of hs the Onondaga 
salt group, is classified with the Upper Silurian. It lies between the 
Niagara formation below and the Helderberg above.' 

The relative position of the rocks of the Salina age is seen from the 
following tabtdation, as constructed from a study of the Silurian 
strata of New York.* The Helderbei^ series here is classified with 



' Newbeny. OeoL Surv. Ohio GesL i, ChBrt op. p. «. 

■ From ChambellD uid Saliibor;, Geology U, p. 370, u qnoled bvu CMk laA 
m (UN), aod H*TtD«cd, N. Y. Slata IfuHsum, Bui. 6S, p. iltO, UXB. 
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the Devoniaa system. This would place the Salina at the top of the 
Silurian, as in the following outline: 

En 01 iTBUm. Fokid or greop. Ag* v lUgn. 

IMaolnii Umestone. 
SondoDt tratetlim*. 
CoblMkiUlimeatone. 

SQuelph dolomites. 
Clinton beds. 
U«dinft nndstone. 
Onoida conclomerato. 
ShawangunK grit. 

The Salina is composed of four general sorts of fonnations, shale, 
limestone, gypsum, and rock salt. Since the latter two are similar in 
that they are the products of evaporation, the formations may be 
regarded as of three sorts, shale, limestones, and beds of ciyatallized 
salts. 

The beds of rock salt, interstratified with shale, lie near the middle 
of the series, and are overlain Mid underlain by strata of gypsum, 
limestone, and shale (or argillaceous limestone) . In fact, the strata 
from the top of the series downward toward the middle or from the 
bottom upwards toward the middle are a repetition of each other, 
indicating a reversal of conditions after the deposition of the rock 
salt. This is illustrated by the following tabulation.* 

FomMCioTi. IfalnbL 

Cobleekill A and B. Niagara^uripli fauna. 

1C. Waterlime' (with Eiirypterus). 
D. Gypseous dwles, 
E. Rock salt. 
D. QvpseoQS ahales. 
C. Pittsford shales (with Euiyptenii). 
«. „„ f B. Guelph fauna. 

"'*S*** U- NiagGa fauna. 

Merrill ' describes the Salina formation, as it appears in New York, 
as follows: 

Th« Onondaga (Salina) salt group may be divided into four deposita. There are no 
well-defined lines ol divimon between the deposils, but fot practical purposes the - 
divisions are sufficiently obvious. 

The GtBt, or lowest, deposit is the red shale, showing green spots in the upper part of 
Hie maas. Second, the lower gypseous shales, Qie lower part alternating with led 
shale, which ceases with this mass. Third, the gypseous deposit, idiich embraces 
the great masses quarried for plaster, conaistiiig of two ranges, between which are the 
hopper-shaped cavities, the vermicular lime rock of Eaton and other porous rocks. 

1 Hartnagel, loo.dt., ct p. IIW; with madlllatloju. 

■ The wstar 11m* li ''mmpond Ota gimt nrlit; of aloar»iia,dDlaniltle, obarty, Wd ealoutfrWglUwwai 
rookfnc[mnts,mli«duidairownabotittlin>ngIiUMracem*iit«ilrockiiua." Fnm Onnbau ud Shcrui, 
"Monne Fomutloni," Uch. 0«oL ud BloL Soi. 3(ivl(al),p. i;<iwa). 

> BdL N. Y. Stat* Udmiuu II , p. 32, tKm Vsnoiem (Report on OmL Third Dlstrlst, N. T.}. 
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Fourth and lastly, those roclcs which show groups of needle-foim cavitiaa, placed aide 
by dde, caused by the cryatallizatiou of sulphate of magaeaia,' and which may ftom 
iWt circumstance be called the magnesiaD dopoadt. 

As a substitute for the name "Lower Helderbei^," the term "Mon- 
roe" was proposed to apply to the group of rocks which in Michigan 
lies between the top of the Niagara and the base of the Onondaga.' 
This would include the Salina formation. 

The Monroe formation was defined as lying between the limestones 
of the Dundee above and the lowest beds in which gypsum occurred, 
and was described as consisting "mainly of buff dolomites and of 
calcareous and argillaceous marls, associated with anhydrite and 
rock salt." This series, designated the MomT>e, is stated to have a 
thickness of 600 feet in northern Ohio. It extends into southeastern 
Michigan, where it appears to be 1,300 to 1,400 feet in thickness. It 
here dips toward the northwest, varying between 26 and 56 feet per 
mile. 

A later restriction of the Monroe formation excluded the Salina 
and included only those strata lying between the Salina below and 
the Dundee above. This group of rocks has a thickness in eastern 
Michigan and Ontario of 500 to 900 feet. 

DIBTBIBTIIIOM. 

The eastern terminus of the Salina has been located a few miles 
west of the Hudson Eiver, in New York. Here it extends beyond 
the e<^ of both the Niagara and Clinton groups and finally rests upon 
the Frankfort slate. In Otsego County it appears as an outcrop and 
extends thence westward along the surface to the Niagara River. 
From the region of its outcrop it dips to the south, in the neighboriiood 
of Livingston County its dip being at the rate of 60 feet per mile, and 
underlies the State to its southwestern borders. At Ithaca and Wat- 
kins, in Tompkins and Schuyler Counties, respectively, are the south- 
ernmost points where the rock salt beds have been explored. Its 
southern border, then, has not been detennined, though the forma- 
tion is known to imderlie a part of western Pennsylvania, where it is 
- said to have attained its maximum development. In Pennsylvania, 
however, the stratified salt beds are lacking from the Salina series.' 

Other outcrops of the formation have been seen in Ohio, Mif^higun, 
and Cansda.* 

From New York the Salina formation extends westward throi^ 
Ohio until it encounters the eastern slope of the ancient anticlinal 
fold in Ohio, known as the Cincinnati axis. This is an eroded eleva- 
tion of the older strata, extending in a general direction parallel to 

' B«nrt»d by W«rriU M mora protuMr na»d by th« cryrttlllwttoi at wlplial* ol ntMnm. 
> OtBubao *iid Sbenar, Inc. dt. 
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the Appalachian system, from the r^on of Nashyille tovard Lake 
Erie. As it was not overlain by rocka of the Silurian and, probably, 
Deronian age, it is evident that the uplift of the arch had taken 
place before the deposition of these formations, and that it projected 
above the Silurian and, probably, Devonian seas as dry land. East 
of the Cincinnati axis, at Moore's Mill, in Sandusky County, the 
Salina is represented by a thin stratum of soft, bluish, shaly Um^ 
stone. This is the extreme southwestern edge of the great sheet of 
the Salina which in central and western New York has a thickness of 
neariy 1,000 feet. 

The f ollowit^; record of a boring, made a few miles east of Sandusky 
shows that the Salina is entirely missing there : * 

Drift 10 

Comiferous limeatoae ; lOO 

UoDToe and Ntt^aia limeatone 970 

Niagua diale and Clintoo fwmittion lOS 

Medin* shale 176 

Cincinnati ahftle and limestone SOO 

Utica shale 310 

Trenton limeetone at 2,210 

While the main divisions of the Monroe group, as restricted,' have 
been traced into Indiana, where they appear in limited ezposures, no 
evidence is found of the occurrence here of the closely associated 
Salina rocks. 

To the north the Salina is heavily represented in Ontario Province, 
Canada, where at Qoderich its salt beds are being worked. In hia 
summary of the Faleozoics of southern Ontario, in 1893, Brunell 
assigns the Lower Helderberg and Onondaga salt group a thickness 
of 300 to 1,000 feet, with an average of 650 feet.* A stratum of 
dolomite conglomerate out-cropping on the Island of St. Helens, near 
Montreal, has been referred to the Lower Helderberg. The Salina 
underlies the State of Michigan and extends to the northern and 
beyond the western borders of the Lower Peninsula, and reaches the 
eastern borders of the State of Wisconsin.* 



Two theories have been advanced to account for the formation of 
the rock salt of the Salina group of strata. These theories are at 
variance in that one supposes a marine origin and the other a conti- 
nental ori^. It has been pointed out that the rocka of the- Salina 
describe conditions (A increasing salinity up to a certain d^ree, 
marked by a heavy precipitation of sodium chloride, and a succeeding 
period of decreasing salinity. 

■ BownoiAa', a«ol. SoTT. Oblo, BoL S,p. SI. ■ Onban and Shcncr, loo. dt., d. p. U. 

> OnAMi ■ad BberMi, loo. cdt., ot pp. X ind IT. ' ChambarWii nd BaH^barj, loo. dt., cf. p. SST. 
61967"— Bull. 94—13 2 

LViU... ^^.t^lOO^lC 
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The former theory describes the Salina sea aa an arm of the ocean. 
This covered the area, of course, now underlain by the Salina strata. 
This arm was separated from the ocean by a bar reef, or flat, whose 
traces, supposedly, are to be seen in the rocks of Ohio, where lipple- 
marks and mud cracks are observed. Great tidal waves flowed over 
this bar into the Salina Sea. The period was one of great aridity. 
Only slight accessions of fresh water entered the Salina Sea; and as its 
waters evaporated fresh volumes of ocean water were acquired in 
the manner mentioned. EventuaUy concentration continued to the 
saturation point of sodium chloride, whereupon that substance was 
deposited. Short seasons, or periods, of humidity recorded them- 
selves in interlying strata of shals, being produced by accessions of 
water, presumably fresh, bearing erosion products. Later the 
periods of humidity lengthened — the strata of rock salt became 
thimier and those of shale thicker, indicating freshening conditions — 
until <Tystallization of rock salt ceased altogether, and the succeeding 
rocks were entirely nonsaline in character. 

The study of the rocks of the Salina where they are pierced by the 
salt weUs of southeastern Michigan has led to the belief that there 
were three main periods of desiccation. During the first period rock- 
salt strata a^regating 900 feet in thickness were deposited. This 
was the .period of greatest evaporation. The second period was 
marked by the deposition of gypseous or salty dolomites or gypseous 
marls.^ 

The second theory to account for the formation of the Salina rocks 
presupposes that it was continental. The area now covered by the 
Salina formations was a continental basin. Into it flowed the water 
from the surrounding drainage area with its burden of detrital 
material. The latter was derived from the rocks of the preceding 
geological era, the Niagaran. These were largely calcareous. There- 
fore the rocks (the Saltnan), built up of the sediment derived from 
them, were largely argillaceous calcilutites or lime-mud rocks. The 
saline matter originally included in the limestones of the Niagara 
rocks, presumably constituting about 1 per cent of the mass, was 
dissolved by the water producing the erosion of these rocks. This 
likewise was carried into the Salina Basin. During the period of 
great aridity, which existed in mid-Salinan times, the Salina Sea was 
evaporated to the point of saturation with respect to sodium chloride. 
At this point it should have been greatly restricted in area; it occupied 
only the deeper basin, where rock salt is now found. 

It is supposed that the salt of the Niagara limestone appeared as 
an efflorescence on the surface of the so-called Salina Desert and was 
dissolved and carried thence by seasonal rains into 'shallow playa 
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lakes. This latter supposition introduces a number of doubtful 
elements and, furthermore, is unnecessary. KfHorescence upon the 
surface could be brought about through the assisting agency of two 
forces^hydroatatic pressure and capillarity. The former could bring 
the solution of the occluded salts to the surface by downward flow of 
seepage water through the strata from more devated levels. Since 
the theory of the continental origin of the Salina rocks involves the 
supposition of the entire disintegration of strata by rain water, and 
since the eroding water certainly woidd have dissolved any ocduded, 
soluble, saline material more or less completely, therefore further 
suppositions to account for the actual solution of the rock-ocduded 
salts are unnecessary. 

To produce a salt bed in this manner, covering an area of 25,000 
square miles and 100 feet thick, " which is probably in ezcess of the 
area covered by the thick salt beds, it would require the erosion 
0f * * * 400 feet of limestone, covering an area of 625,000 
square miles, and the concentration of the derived salt in the basin, 
25,000 square miles in area. Thus, * * * the erosion of 400 
feet of limestone from Wisconsin, Minnesota, the upper Great Lake 
region, and the Ontario region west of Toronto, would suffice. But 
since we know that the thickness of the Niagaran limestone over this 
region was at least 400 feet, not to mention the thickness of the 
lower marine strata, which have also been removed by erosion, it will 
be seen that the removal of the Niagaran limestones from this area 
would give a salt mass 200 feet thick and covering an area of 25,000 
square miles, or approximately 1,000 cubic miles of rock salt. * * * 
It is therefore probable that the Niagara formation alone was able to 
furnish all the salts found in the succeeding Salina formation of New 
Yom, Ontario, and Michigan." ' The close of the Salina period was 
marked by a fresh invasion of the ocean, from the Atlantic, as is 
shown by the fossilized fauna of the Monroe formation. 

This theory could be made to account also for the peculiar com- 
position of the natural brines of the Marshall sandstones. In another 
paragraph the possible effect of adsorption on the composition of 
natural brines has been discussed. If the Salinan rock salt has been 
deposited, as supposed, from a continental basin, adsorpUonal forces 
have had a double opportunity to come into play. Therefore, the 
brine, of the Salinan sea may have been, and most probably was, 
markedly different from the brine of the ocean; it may have repre- 
sented the intermediate change in composition between the ocean, 
the original source of tlie rock salt of the Salina, and the natural 
brines now lying in the formation above the Salina. 

> Onban nd SherMr, loc. dt., of. p. 136. 
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OBTOIN OF NATURAL BBINE3. 

.There are certain features of the prevalently accepted theories 
concerning the origin of the natural brines which are open to criti- 
cism. llieoreticaUy, natural brines are actual occlusions of sea 
water, bottled Tip, so to speak, within the porous strata which now 
contain them, by so-called impervious strata; they have remained 
unaltered since their occlusion and therefore are representative of 
the sea which was instrumental in Uie formation of their inclosing 
rocks (assuming that these are of marine origin), and the high 
bromine content of some of the brines is the result of the segregation 
of bromides through the instrumentality of marine algae. 

Certain physio-chemical and geo-chemical considerations make 
these suppositions appear extremely doubtful. Some of these will 
here be mentioned briefly. 

The permeability of rock strata to water and other mobile sub- 
stances under pressure is too well known a factor to need elaboration 
here. This would militate against the idea of the confinement of 
the brine in one stratum, or its freedom from contamination or 
dilution by other solutions. The gradual permeation of lower strata 
by fresh surface water from the upper would account for the greater 
concentration of the brines in the lower than those in the upper 
strata — a phenomenon which has been explained on the basis of 
specific gravities. 

Assuming for the moment that the natural brines are occlusions 
of the water of the sea from which their inclosing strata were depos- 
ited, from the chemical composition of the brines it is evident that 
the sea of which they are a remnant was of a quite different composi- 
tion from the ocean of the present age, or from the sea from whdch 
the Stassfurt deposits of salts were crystallized — the sea of an earlier 
geologic age. Natural brines differ most markedly from ocean 
water in the ratio between calcium and sulphate ions. In the ocean 
water th&t ratio is small, while in natural brines it is large; nor do 
we know of an Inland sea whose composition is similar to -that of 
natural brines. 

To suppose the introduction into, the body of brine lying in the 
porous strata of a solution bearing a precipitant for the sulphate 
ion is to abandon the supposition of the complete isolation of the 
brines by impermeable strata and to admit the probability of the 
migration of brines through the strata. The introduction of a solu- 
tion bearing calcium, strontium, or barium Salts would have caused 
an elimination of sulphates. All three of these bases are found in 
some of the natural brines, the latter two, however, only in small 
amounts. The hypothetical introduction of calcium salts could 
explain the presence of such large amounts of calcium, but this 
would lead to the necessity of explaining the source of soluble calcium 
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salts. Or, some physio-chemical process, eliminating the bases and 
leaving an acid solution, might have resulted in a resolution of cal- 
cium carbonate bj the brine. This would have been attended by a 
precipitation of sulphate as calcium sulphate. However, t^se 
hypotheses are altogether extreme and can not be entertained. 

The supposition that marine algie add bromides to the sea, of 
which the natural brines are the supposed remains, is scarcely tenable. 
The marine algie are chlorophyll-bearing plants and* therefore are 
dependent on light for their metabolism. Consequently, they grow 
in water of a depth that enables them to reach the sunlight with 
their fronds. It is essential, then, where the plants are tall that 
they be provided with a means of holding themselves upright in the 
water. This is accomplished by means of gas-fiUed, bulbous enlarge- ' 
ments of stem and frond, known as pneumatocysts. Thus the algse 
growing in depths as great as 100 feet are able to reach the surface 
of the water. 

It is known that certain marine algte have the power of absorb- 
ing certain substances, presumably as salts, from the ocean water 
in which they grow. Perhaps portions of all the constituents of 
their growing medium are taken into the tissues of the plants, but 
there is a pronounced selective absorption whereby certain of them 
are absorbed to the practical exclusion of others. Thus potassium 
salts, in amazing amounts, are absorbed by the giant kelps of the 
Pacific coast — Mao'ocysHs pyrifera, PelagopTiyeus porra, and Nereo- 
cyatis luetkeana — while sodium, magnesium, and calcium are taken up 
in much smaller amounts. In these, also, are found bromine and 
iodine. In certain sea plants of the Atlantic, especially of the 
European coast, is found iodine in lai^er amounts than in those 
growing on the American Pacific littoral. However, comparatively 
little is known concerning the bromine content of algae, as it has re- 
ceived but little attention on account of the comparatively low value 
of bromine. Still, it is definitely known that some species of sea- 
weeds do absorb bromine from sea water. 

Sea algsB grow only in circulating water. They are dependent on 
the water for supplies of carbon dioxide and other materials essential 
to their growth. These supplies are provided only by circulation. 
The larger the plants and the more extensive their groves the more 
pronounced must be the circidation of their medium. It is evident 
that this must always have been a condition of their growth. 

Marine algse have a physical construction which may be described 
as gelatinous rather than fibrous. Accordingly, the dead plants are 
very easily disintegrated. Furthermore, even preceding their disin- 
tegration, their saline constituents are quite readily leached out. 

These considerations have a direct hearing on the question of the 
segregation of bromine in a sea or lake by aign. Certainly it is true 
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that no plant growing in a sea could add more bromine thereto than 
the Bea originally contained. At most, then, the algse were instru- 
mental onlyin causing a segr^stion of hromides in that portion of 
the sea which subsequently was to be occluded within the strata 
undergoing formation. It is hard to imagine any set of conditions 
favorable to this process. The accumulation of large masses of sea 
plants, freshly torn from their anchorage, on the bottom of the sea, 
there to disint^rate and leave their salts, the only way in which 
conceivably the segr^ation could have been brought about, ia 
scarcely believable, as the loosened plants would not have fallen upon 
the bottom, but would have been lifted to the surface by their pneu- 
matocysts, where they would have been carried to and fro by the 
winds and tides or whence they would have been cast ashore by the 
waves. If the latter, their salts might have been leached out by 
rain water and the resulting solution flowed into the porous sand of 
the shore. However, this would involve the fijling of the strata with 
surface water and not with sea or lake brine. 

In short, the theories accounting for the origin and composition 
of the natural brines, on examination, are scarcely tenable. 

As a substitute theory for those briefly stated above, it is proposed 
that natural brines be regarded as the product of the leaching of 
beds of rock salt or, less probably, of great masses of rocks laid down 
in brines, and not the ocean or lake brine itself. In support of this 
theory it is pointed out that the so-called impervious strata are after 
aU pervious — imperviousness, as commonly employed, being a rela- 
tive term. The porous rocks, or sandstones, in which natural brines 
now occur should be regarded merely as natural reservoirs where the 
migrating seepage waters — and other mobile constituents of the 
earth's crust — are found in lai^est quantities. It is accepted that 
oil and gas have passed into these porous strata from others. In 
cases, two or all three — brine, petroleum, and gas — are found in one 
sandstone. It is quite as easy to assume that the brine likewise has 
had an extraneous origin, if there is any occasion for such an 
assumption. 

It can not be said from existing data what the composition of 
seepage water would be on emei^ing from a bed of rock salt. It 
probably would be a saturated solution of sodium chloride and per- 
haps of calcium sulphate, since these are the two solids present in 
lai^est amounts. Its contents in these two constituents would be 
<letermined by their solubility in that solution, or mutual solubility. 
Beyond that concentration, of course, no more of them could be 
dissolved whatever their actual or relative amount present in the 
beds of salt. In addition, the other impurities present in the rock 
salt would be found in the seepage water. Their origin would be 
the mother liquor from the sodium chloride crystaUization. Their 
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concentration would be detennined by several factors, among which 
may be mentioned the amount in which they were present in the rock 
salt and the thickness of the strata peneb-ated by the seepage water. 
Their concentration in the seepage water would be limited ultimately 
by their solubility in that solution and not by the relative amounts 
in which they were present. In other words, the seepage water from 
a salt bed may not be at all representative in composition of the rock 
salt which it has penetrated. Qualitatively, the seepage water 
might be expected to contain the same salts ih&t are found in the 
sea from which the rock salt was crystallized, since the impurities in 
the rock salt had thdr origin in this sea water. That the natural 
brines are so markedly different from any sea or lake water with 
which we are acquainted is at first sight a strong indication of tJie 
erroaeouaiess of our theory. 

At least two factors are operative in the occlusion of other saline 
substances which tak^ place in the crystallization of sodium chloride 
from an impure brine — namely, mechanical occlusion of droplets of 
mother liquor and adsorption. Impurities occluded in the former 
way are present in the form in which they occurred in the mother 
liquor; those in the latter way may be entirely di^erent. 

Adsorption is a selective phenomenon. In a solution of a single 
saline compound the acidic ion may be adsorbed while the basic is 
left in solution, or vice versa. In a solution of two or more saline 
compounds, it is conceivable that selective adsorption may take place 
with respect to both acidic and basic ions. Thus, the ratio between 
the ions in the adsorbed material may be entirely different from that 
in the solution from which the material was adsorbed. The same 
considerations apply likewise tc adsorption by nonsaline precipitates. 
The adsorption of potassium ions by clays has been referred to in a 
foregoing paragraph. Its adsorption by other precipitates has been 
made the basis of a process for its extraction from sea water. By 
such a process, fram a solution of sodium chloride and calcium 
sulphate, calcium ions may be adsorbed in proportionately larger 
amounts than sodium ions, and chloride than sulphate iona. In 
the subsequent leaching of the precipitates by a solution of a lower 
concentration than that in which the precipitates were deposited, 
the adsorbed ions will in part be forced back into solution. A solu- 
tion results, then, in which the ratio between the ions has been deter- 
mined by the coefficients of adsorption of the iona in the respective 
solutions. 

It is proposed that in some such way the natural brines were 
produced — by the permeation of strata of rock salt or shales con- 
taining adsorbed saline materials, by seepage waters. The high 
concentration of sodium chloride strongly su^ests that they have 
passed through rock salt rather than through ^alee. The presence 
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of potassium salts in them further suggeste the same conclusion. In 
this way the presence of natural brines of any or all of the saline sub- 
stances found therein may be accounted for, and thus may be 
explaised the excess of calcium oxer sulphate ions. 

GEOLOGICAL OCCUEEENOES OP THE SALINES. 
KBW TOBX. 

The salines of New York consist in (a) salt springs, which are 
small and unimportant; (i) natural brines; and (e) beds of rock salt. 
The springs and natural brines are r^arded as seepage water which 
has flowed through or over the beds of rock salt. 

The rock-salt masses occur in the Salina formation, which is a part 
of the Upper Silurian. This underhes an area stretching from a 
r^ion a short distance west of the Hudson River to the western 
boundaries of the State. It outcrops for a long distance east and 
west a few miles south of Lake Ontario and extends thence beneath 
overlying rocks to the southern borders of the State. 

Further information concerning the stratigraphy of the Salina 
formation of western New York may be gained from the log of a 
shaft sunk at Livonia, in Idvii^ton County. This record was made 
under the direction of Prof. James Hall, geologist, and is quoted from 
Merrill.' 

Syncptit of reeord. 
Baf&udiu K i]«ptl] ot— ThloloiMB BQd dunottr of itntom puBtnted. 

380 l«et* 6 feet blniih-gray shale. 

3S6 feet 29 feet compact dark-blue aliale. 

415 feet 1 foot hard gny limestone. 

416 feet 11 feet hard medium dark-blue shale, aomewb&t calcareouB. 

427 feet 2 feet blue^Tay limeatoue. 

429 feet 1 foot soft blue-gray ehale. 

430 feet 1 foot fine pinkieh-gray limestone. 

431 feet 7 teet blue shale with concretionary layers. 

43S feet 2 feet hard limestone containing considerable pyrites. 

440 feet 7 feet soft blue compact, pyritiferous shale. 

447 feet 20 feet soft blue-giay ahale. 

467 feet 9 feet dark-blue, slightly pyritiferous shale. 

476 feet 2 feet concretionary layers with silicified foarik. 

478 feet 17 feet blue shale, hard and calcareous. 

495 feet 27 feet dark-brownish bituminous shale. 

515 feet 28 feet dark bluish-giay soft shale. 

543 feet 4 feet soft bluish pyritiferous shale. 

647 feet 8 feet harder arenaceous and pyritiferous shale. 

655 feet 6 feet arenaceous ehale with layers of impure limestone. 

560 feet 2 feet light gray limestone. 

562 feet 4 feet sandy shale, quite hard. 

SA6 feet 4 feet fine bituminous shale. 

570 feet 34 feet soft dark rock. 

604 feet 6 indiee hard, eandy dark bluish gray slial& 

604 feet 6 inches 3 feet 4 inches soft dark-bluish shale. 

>N.Y. Stats UuwoiD.Bol. 11,9. 2e-U,lnclo>lT« 'Btgljuit&EotivoordsdMeUsD. 
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Bigliiniiig kt depth or— Thlokaess and diuactn oF >tn 

607 feet 10 mches 1 foot 2 inches baxd calcaieoua eandy kyer. 

609 feet 6 feet dArk-bluish soft ehale. 

615 feet 11 feet harder dark-blue Bbftle. 

626 feet 3 feet sandy layer, quite hard. 

629 feet 21 feet dark-bTownish and blukh-gray shala 

660 feet 147 feet dark-brown or black shale with bluish or olive layen. 

697 feet 15 feet very bituminous shale, bottom of Hamilton. 

612 feet 11 feet black bituminoua ahale. 

833 feet 2 feet compact gray limestone. 

S25feet 4 feet of black bituminous shale. 

829 feet 22 feet of black shale, very bituminoua. 

851 feet 1 foot bluish-black shale. 

852 feet 2 teet black impitre limestone. 

854 feet 2 feet blue-black grayish limeitone. 

856 feet 1 foot impure limestone. 

857 feet 6 feet bhick.shale. 

863 feet 3 feet black hard shale, bottom of Marcellus. 

SS6 feet 22 feet gray limestone with chert. 

888 feet 66 feet gray limestone containing chert. 

954 feet 24 feet gray HmeBtone full of chert, very hard. 

978 feet 20 feet 6 inchea gray limeetone containing lees chert, bottom of 

Comiferous, gas. 

998 feet 6 inches 2 feet 6 inches gray limestone, no chert 

l.OOlfeet 5 feet hard green and gray eandatone (Oriakany) containing 

pebbles and fragments of hydraulic limestone. 

1,006 feet 4 feet dark-colored bituminous hydraulic limestone. 

1,010 feet 14 feet hydraulic timeetone, light colored, bottom of waler-Ume. 

1,024 feet 6 feet very light gray sandstone. 

1,030 feet 39 feet hydraulic limestone. 

1,069 feet 9 feet hard bluish gray shaly rock, with black seams. 

1,078 feet 9 feet blue gray hard shale, with layers of nodular gypsum. 

1,087 feet 6 feet fine brownish^ray limestone, with light-blue gypsum in 

manes from 1 to 4 inches thick. 

1,093 feet 25 feet hydraulic limestone, withgypsum in cryetala and nodules. 

1,118 feet 17 feet dark bluish-gray shales; gypsum in nodules. 

1,135 feet. ...' 3 feet reddish-brown limestone, with dark gypsum in nodules. 

1,138 feet 45 feet gypsum bed, dark bluish gray marl, intercalated with 

gypaum in layers and nodules, sometimes 1 or more feet in 
thickness. 

1,183 feet 9 feet light reddish^gray limestone; gypaum in layers from one- 
half inch to 1 foot. 

1,192 feet ,' 5 feet layera of limestone and gypsum, 

1.197 feet 1 foot of reddish-gray limestone. 

1.198 feet 3 feet bluish^ray marl, with gypsum in nodular layen. 

1,201 feet 2 feet red-gray limestone. 

1,203 feet 2 feet bluish-gray marl. 

1,205 feet 15 feet limestone. 

1,220 feet 6 feet bluish marl; gypsum in nodular layers. 

1,226 feet 7 feet reddish-brown limestone. 

1.233 feet 1 foot bluish-gray marl, with nodular layers of gypsum. 

1.234 feet 4 feet reddish-gray limestone. 

1,238 feet 2 feet yellowish^fray very hard limestone; gypsum in smftll 

crystals. 
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Bt^iaJag at depth af— Thiekneaa ud obuaoler of itrUuiB penatratw). 

240 leet 1 toot limestone. 

,241 feet 8 feet limeabiue; gypcnun incryet&la. 

~eet 6 feet red ajid yellow limestone with Uyen of bluieh gypsum 

from 1 to 6 inches thick. 

,2S5 feet 3 feet yellowish-gnty limestone. 

,25Sfeet S feet blu)sh-gray marl; gypsum io layers, some of them from 6 

to 12 inches thick. 

eet 12 feet yellowish and reddish limestone; gypsum in seams and 

veins, hopper-shaped crystals at 1,274 feet. 

1^8 feet 7 feet marl; much gypsum in nodules and maasea. 

1,285 feet 2 feet light-brown marl; gypsum abundant in nodules. 

1,287 feet 9 feet soft light-bluish marl; much gypsum in masses and 

nodules. 

feet 3 feet hard, fine, brownish-gray limestone; gas in small quantl^. 

feet 1 foot li^t^gray, soft limestone; gypsum in seams. 

,300 feet 11 feet dark-gray hard limestone. 

iSllfeet 3 feet hard, fine, slightly reddish limestone; gypsum in thin 

,314 feet 2 feet yellow-gray bituminous limestone. 

,316 feet 1 foot bluiah-giay marl. 

,317 feet 6 feet light^iay, reddish-gray limertone, hopper-shaped crystals, 

gypsum in thin seams and veins. 
feetj' 2feet yellow and light-gray limestone; gypsum in seama and 



1,325 feet 3 teet ol bluish-gray limestone; gypsum in thin veins. 

1,328 feet 3 feet yellow bituminous limestone; thin veins of light gypsum. 

1,331 feet 6 feet very hard gray limestone. 

1,337 feet 2feet yellowish-gray limestone, white crystallines; gypsum in 

small thin veins, 

1,339 feet 4 feet pinkish-gray limestone; gypsum in seams and veins. 

1,343 feet 11 feet brownish-gray hard limestone. 

At 1,348 feet Ibe flist salt found was observed in a few thin 
veins, in some of which the vein matter was of salt, in others 
the wall matter was crystalline gypsum with which a thin 
layer of salt was intercalated. The salt was pinkiah or cream 
color; the gypeum was white or pink. 

1,354 feet 1 foot 6 inches bluiah^ray mwl; salt and gypsum in veins. 

1,366 feet 6 inches. . .6 inches nodular layer of gypsum. 

1,366 feet 2 feet dark gray limestone containing a large percentage of salt 

and crystals in nodules. 

1.368 feet 2 feet bluish-gray marl with many seams and veins of salt. 

1,360 feet G inches very thinly laminated limestone with salt in seams. 

1,360 feet 6 inches. . .8 feet Q inches bluish-gtay marl, with many cracks filled with 

white and pinkiah crystalline «alt; considerable gypsum. 
At 1,369 feet at the south end of the shaft a bed of nearly pure 
coarsely crystalline salt was reached, which on the east wall 
of shaft showed a dip of 1 foot on the upper line of contact 
and 4 feet 8 inches on the lower toward the north, the layer 
being 8 inches thick at the south end and 3 feet at the 
northeast comer. A small proportion of shale is mixed with 
the salt. 

1.369 feet 4 feet marl with pink, milk-colored salt in veins and seams; gyp- 

sum present, not abundant 
1,376 feet 2 feet transparent salt in large fine erystals, mingled with maii. 
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n penetcatad. 

1,377 feet Hoot 6 incIiM bluiah m&rl, becoming light-blue on oipoaure; 

little nit; gypeum sbundtrat. 
1,37S feet 6 inchee. . .11 feet mixed Hilt, cousely cryitallme, and marl in flakes and 

small fngm«Dt8 present throughout the: bed. 

1,390 feet 13 feet nit. 

1,403 feet 3 feet 6 inchee dark-gray hard limeBtone containing much nit in 

veins, seams, and crystals. 
1,406 feet 6 inches. . .2 feet 6 inches gmy limeetoce; soft, pinkish salt in veins and 

1.409 feet 1 foot 6 inchee very soft bluish matt; pinkish and white nit in 

seams and veins. 

1.410 feet 6 inches. . . 15 feet 6 inches white and pink salt in latge crystals, with frag- 

ments and flakes of marl in varying proportions. 

1,426 feet 2 feet dark-gray marl limeetone. 

1,428 feet 4 feet green marl, with red and pink salt in thin layers. 

1,432 feet In this sectiou 408 feet of Salina etnta was penetrated below the 

bottom of tlie water-lime formation, the bottom of the well 
being 566 feet below the bottom of the Comiferous. Frob* 
ably there is as much as 500 feet of Salina strata with nit 
beds below the bottom of the shaft. It is therefore not certain 
that more than the upper half of the group is exposed in this 
section. It is noteworthy that much gypsum ovetUee the nit. 
The following record was made from the main hoisting shaft 

(shaft No. 1) of the Retsof Mmii^ Co., Retsof, N. Y., and waa 

obtained through the courtesy of Mr. Frank Rundio. 
Table V.—Rteord oftlrata in Selio/mine. 
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28 POTASSIUM &LL.TS IN BALINES OF THE UNITED STATES. 

From data obtainable from a studj of the numerous wells and 
shafts of tiie Oatka-Genesee district (Wyoming, Livingston, and Gen- 
esee Counties) a map has been constructed giving the uudergrouiid 
contours of the salt measures of that district. 

The stratum with most pronounced characteristics penetrated in 
the borings for salt is the Comiferous limestone. This contains 
interspersions of chert and is so unmistakable on account of its greater 
hardness that it is invariably recognized by the drillers as soon as 
encountered. For that reason it has been taken as the datum plane 
of the series, with respect to which the relative positions of the salt 
strata are determined. 

In constructing tbis map the contours h&ve been located 610 feet below the upper 
surface of the Comiferous limestone; for the salt beds vary greatly in their thickness 
and position in the Salina group, and it ia necessary lo assume a horizon at which the 
occurrence of salt can be expected. The contour line at the altitude chosen intersects 
die principal salt beds in nearly every well and shaft.' 

In tlie district mentioned salt has been found at depths varying 
between 550 and 750 feet below the upper level of the Comiferous. 
There are exceptions to this generalization which put the extremes 
at 450 and 900 feet below this level. The indications are that the 
salt measures of western New York have been penetrated to not more 
than half their depth. The operators, as a rule, have bored only 
sufficiently deep to reach workable amounts of salt. 

At Ithaca and Watkins, in Tompkins and Schuyler Counties, 
respectively, the southernmost point in New York where salt is being 
obtained from the Salina beds, salt is found at greater depths than 
in the more northern parts of the State. At Ithaca a well has been 
bored to a depth of 3,185 feet. The mouth of the well is 396 feet 
above sea level. At a depth of 2,244 feet the first salt stratum is 
encountered, following which are eight other strata of salt distributed 
through 700 feet of the Salina formation, the last bed being found at 
a depth of 2,906 feet. Through the final 280 feet no segregations of 
salt are encountered. 

At Watkina, to the southwest of Ithaca, a well has been bored 3,315 
feet in depth; while its total depth is slightly greater than that at 
Ithaca, its actual depth when referred to sea level is less. Its mouth 
is 665 feet above sea level. At a depth of 2,005 feet from its mouth 
the first salt bed is encountered; through the succeeding 815 feet six 
others are distributed. From a depth of 2,820 feet to the bottom of 
the well, a distance of about 500 feet, the formation has been found 
to he barren of salt measures, 
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In Medina, Wayne, Cuyahoga, and Summit . Counties of north- 
eastern Ohio salt is derivod from deposited beds of rock salt. These 
are found in the Upper Silurian,' and as the formations in which they 
occur are a continuation of those occurring in western New York, it 
is presun^able that these beds of rock salt are continuous with those 
found in Western New York. 

Following is a record of a boring from Trumbull County, Ohio, 
east of the counties in which salt wells are now in operation.' This 
is doubtless representative of this section of the salt-bearing 
formation. 

Table VI. — Record of boring in Trumbull Coiaity, Ohio. 
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The salt industries of southeastern Ohio, in Meigs and Morgan Coun- 
ties, derive their brines not from beds of ' rock salt by dissolving the 
deposited salt by water pumped into the strata (artificial brines) but 
from the natural brines occurring in certain pervious strata which lie 
below the Conemaugh formation.' These strata occur at different 
horizons. As the brines have become exhausted in the upper strata, 
at a depth of about 300 feet, the wells have been deepened to the 
lower layers, until a depth of about 1,600 feet has been attained. 



1 Bxpott Ocologkal SuTTtr of 
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The following brief log of a well in this region conveyB an idea of tJie 
formations penetrated.' 

Table VII.— Log o/a well in louthtatl Ohia} 





■a." 


a 




Wat. 

1 
'A 

•a 


!-». 












l5 















1 Total depth, 1,590 IWt. 

The concentration of the brines pumped from the different depths 
is as follows: 320 feet, 6° Baum<; 710 feet, 9° Baumfi; 980 feet, 
9° Baumfi; 1,560 feet, 16° Baum*. 

The strata containmg the brines have a dip toward the southeast. 
At the time of sinking the first wells the brines were under sufficient 
pressure to rais^ them to the surface of the ground. As they have 
been removed, new volumes have taken their places, either flowing 
downward from more elevated regions or being forced upward from 
less elevated ones. It is an interesting fact, and perhaps a significant 
one, that the first Cow Run sand, the fijst horizon from which the 
natural brines were here obtained, a short distance to the north is 
an important source of petroleum. 

In the tables below are given the analyses of 31 natural brines, 29 
of which are from southern Ohio, The analyses are by T. G. Worm- 
ley, and are quoted from the Geological Survey of Ohio (Geolog. 
II, pp. 601, 602). 

TuLB VIII.— TabU of analyie* of *aU», hy T.Q. Wormley. 
[Prr cant ol total aoUdi.) 
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Table Vlll.—TabU o/muUyta c^wlU, 6y T. 0. TTormiev— Continued. 
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"--|»n Cmmt*. 

rillllai, 1 mUa bslow Ualts, Uorgan 27. 

IB. C WiboQ, 3 mUM bcltnr Uilti, Uorgui Cnuntj. 



u Bbave lloCoanetevlll*. 



B. J. Convma, 5 mlla abaT* HoConiitiiTliia. 
W. R. EeUr, 3 mllea abon llcCgiuwlivilla. 
W. R. E«U7, 1 mlla iboiT* McConnelaTUIe. 
Banu* A Boat, 6 mlMi bdow UcGoiuebvtU*. 
8Uuu1nt7. It inUa iMlov HcCoonelfTm*. 
II. Coour, t mflca below Zaiu«Tlll«. 
O. BiUixi, 6 mlln balow ZnusrlUa. 
loo. SMrans, S mila below Zuusrin*. 
ttaaOi OUn, NoblB CosntT. 

Scott, Cunbrldf*, Qataatj Coont;. 



Sigiiww. idcli. 

Onandat* Salt Co.. N*w YaA. 

Eauwfaa, W. Va. 



In Michigan, as in Ohio, salt is obtained in conunercial quantitiee 
from two sonrces, namely, natural brines and rock salt. From Uie 
latter salt is obtained both by mining and by solution in fresh water 
admitted to the beds through borings, or wells, from the surface. The 
natural brines occur in the Marshall sandstones found in the central 
part of the State, overlying the formations which contain the rock 
salt. Along the Saginaw River the saliferoua sandstones lie at a 
depth of about 1,000 feet. In other parts of the State natural brines 
find their way to the surface either through exposed sections or brine- 
impregnated rocks or through fissures from the lower-lying strata. 

The foUowing record of a well sunk by the Saginaw Plate Glass Co., 
of West S^;inaw, illustrates the stratigraphy of this formation.* 

I Appendix, Oeol. 6amj. ICioh, Ann. Rap., UXM. 
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Pleistocena: Ftd. 

Fine sand, Algonquin Beach 5 

RedcUy 20 

Blue clay M 

Gravel, with water 2 

Haidpan, with coal 21 

Saginaw formation: 

Daik Bhale, Lower Veme 14 

Shale, light and dark 7 

Blue shale 17 

Black ahale 15 

Coal, Saginaw Beam 6 

White ahale, black impresBions 4 

Dark shale, Saginaw coal 3 

Blue ahale 5 

White and brittle blue shale J 

Dark-gny ahale lOJ 

Very dark ahale, coftl hcaiBon 13 

Dark shale 9 

Gray ahale 79 

Shale, light and dark 9 

Shales, with eiderite 56 

Very dark ahale, coal horizon 12 

Blue ahale 19 

Micaceous sandstone 9 

Very dark shale, almoet coal 21 

Dark ahale 49 

Parma conglomerate and sandstone: 

Transition sandstone 22 

Band rock 23 

Conglomeritic sand rock 14 

Bayport or Maxville sandstone: 

Limeatone 81 

Michigan series: 

Black and dark shale 35 

Gypsum V> 

Dolomite 12 

Blue ahale 58 

Gray limestone 5 

Dark sandy ahale 9 

Gray limestone 14 



Sandy shale 14 

Dolomite 11 

Upper Marshall sandstone 78 

Lower Marshall: 

Eedclay 2 
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Hie density of tlie solutions from the varioue strata are given ii 
the following table: 

Tablx IX. — Dentity qftolutumtfrom vnrHnu itrtUa. 
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It will be noted that the denaty of the brines increases, as a rule, 
with the depth of the horizon in which they occur. 

The natural brines of the Marshall formation of Michigan, Uke those 
of Ohio, show a stnking freedom from sulphates, with a corresponding 
large content in calcium chloride. Ammonium salts are also present 
in the brines. The following result of analysia of the Marshall brine 
is by F. S. Kedzie.' 

Table X. — ^nafyra of Marthall hrvM. 
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Mr. A. E. Schaefer, chemist of the S^inaw Plate Glass Co., has had 
the kindness to supply the following results of analy^ of a composite 
brine from the company's weLIs: 

Table Xa. — Attalynt qfeompotiU brxntfrom Saginaw Plate Qlait Co.'i wtili. - 
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Bock salt is found in Michigan in the eastern and western extreme.s 
of the State. In the Detroit region ' it occurs in the Monroe forma- 
tion, thou^ formerly its inclosing strata were referred to the Salina 
or Onondf^a salt group.* Here it is penetrated by numerous wells 
and by the shaft of the Detroit Salt Co. 



> Loo. cR. With modlfiatlaiu. 

>Tbe beds of the veetem bordera otthe Btete 

■Oeol. Barvar, Ohio, S, 15 (1888). A 
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The sequence and formation of the strata overlying and contain- 
ing the rock salt are given in the following log of a well bored by the 
Morton Salt Co. at Ecorse, near Detroit.* 

DTfa? Total 

nu- dvpth. 

Pleistocene: rut. rat. 

Suifece depodt 62 62 

Silurian. 

Monioe ftbove Sylvania: 

Dolomite, light buff; Bulphur 75 137 

DolomiteB, bituminouB; sulphur 60 197 

Sylv&nia; 

Sund 1 65 262 

Dolomite 20 282 

Dolomite, siliceous 36 317 

Band 35 352 

Dolomites, oiliceouB 10 362 

Monroe below Sylvania: 

Dolomite, cherty 50 412 

Dolomite, dove-colored 20 432 

Dolomite, bluish 30 462 

Dolomite, brown 15 477 

Dolomite, light 15 492 

Dolomite, dark 40 527 

Dolomite, with light gypsum 25 552 

Ttc gJTining of Saliiia: 

Impure gypsum _, 45 597 

Dolomite 20 617 

Dolomite, with anhydrite 175 »792 

Salt, blue and brown ' 50 842 

Dolomite 80 922 

Dolomite, with anhydrite 10 932 

Anhydrite, with salt 10 942 

Dolomite 5 B47 

Salt, gray and white 15 962 

Dolomite, anhydrite, clay 100 1, 062 

Almost solid anhydrite 5 1,067 

Dolomite, with anhydrite 50 1,117 

Salt, dolomite, and anhydrite 5 1, 122 

Salt 201 1,323 

The following imperfect log was made at the time of drilling a 
well at the Canfield plant, East Lake, of the Louis Sands Salt Co., of 
Manistee, Mich., near the shore of Lake Michigan: 

> OeoL Suit. HIdi., Ann. Kept. UOS, p. ST. 

• Tint nit UT» feet. 

• "HilBlatlMiDOitiadrtooinitiliipiitaA." Loa.dt. 
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Clay 

Sand 

Hatdpui, sand, and gravel.. 

Quicksand , 

Clay, red 

Clay, blue 

Soft blue shale 

Hard ahale......... ...___... 



Limestone 1, 6914 

Shale 1,724 

Limestone 1, 745 

Gyp«nimor"chalk" (7) 1,772 

Limeetone 1,773 

Shale 1,819 

Crevice 1, 852 

Limestone 1,853 

Limestone, "honeycomb " 1, 913 

Limestone (shell} and gypsum. .. 1,982 

Limestone 1, 991 

Salt {20 feet) 1,993 

Roct{?) 2,013 

Salt (6 feet) 2,01* 

iU)ck(?) 2,020 

Total depth 2.024 



Sand 691 

Blue shale 696 

Limestone, gray 869 

Gypeum(l to 2 inches) 1,076 

Limestone 1, 076 

Gypsum (10 feet) 1, 282 

Gypsum and limestone (58 feet).. 1,292 

Limeetone, brown (106 feet) 1,350 

Shale 1,618 

Below are given the recordB of two wells of the Manistee region. 
The samples from which the record was made were secured through 
the courtesy of Mr. George Abair, of the Peters Salt Co., East Lake, 
l£ch. The petrographic detenninations were made bj Mr. W. H. 
Fry, mineralogist, of the Bureau of Soils. 

All of the samples examined in the preparation of the following 
sections were obtaiaed by drilling, and consequently many of them 
were in a rather finely pulverized condition. But in a great number 
of cases fragments large enough for macroscopic examination were 
present. In these cases the specimens were determined primarily by 
macroscopic means. In the cases where all of a given sample was 
very finely pulvenzed, the material was mounted in an oil of definite 
index of refraction and the mineral constituents determined petro- 
graphically. The macroscopic examinations were also checked by 
this microscopic study. Each sample was subjected to the action of 
both dilute and concentrated hydrochloric acid, and the character 
of the effervescence used to confirm or modify the results of the pre- 
vious examination. Great difficulty was encountered in judging 
whether some particular samples, especially the finely pulverized 
samples, should be referred to the limestone or the shale group. For 
instance, it was found practically impossible to determine absolutely 
whether a particular mount was a calcareous shale orashaly limestone. 
However, predominance of one or tbe other of the materials was con- 
sidered as suflBcient to place the sample in the class of the predom- 
inating material, the less abundant material being considered as' an 
impurity and being indicated by its appropriate adjective. Before 
coming into the writer's hands, the samples had been subjected to a 
mechanical analyus and all particles less than 0.005 mm. diameter 
discarded. The amount of these veiy small particles, however, is not 
large enough to vitiate Uie accuracy of the detwminations. 
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Stclicm of well at Ludingtdn, Mieh., Stearat Salt 6e Lumbtr Co. 

PatragiBpMa sxuniuttlijDt bf WlUiBin H. Fr;. 
No. ot nmplcB. DeptH In Irat. 

V) 517 to 520 ; Calcareous Bandatone. 

20 520 to 533 Calcaraous and ahaly nndatone. 

21 to 22 533 to 673 Calcareous shale. 

23 to 24 573 to 603 Calcareoua and sandy ahale. 

25 603 to 608 Calcareous ahale. 

26 608 to 609 Sandy odcareoua shale. 

27 609 to 615 BuEf calcareous and sandy shale. 

28 to 39 615 to 838 Calcareous diale. 

40 to 60 838 to 1,211 Sandy calcareous shale. 

61 to 69 1.211 to 1,390 Calcareous shale. 

70 to 73 1,390 to 1,463 Limestone, impure. 

74 to 90 1,463 to 1,801 Fairly pure Umeatone. 

91 to 97 1,801 to 1,935 Dolomitie limestone. 

98 to 102 1,935 to 2,021 Calcareous mudatone. 

103 to 115.... 2,021 to 2,281 Limestone. 

116 2,281 to 2.290 HaUta. 

Seetum of well 500 feet from East Lake etation of the plant of the R. 0. Peten Salt Co.- 

Petrographic eiamioations bj W. H. Fry. 
No. Depth In foat. 

1 593 Blue calcareous shala. 

2 597 Calcareous shale. 

3 800 CatcareouB ahale. 

4 978 Limestone. 

5 1,325 Limestone, 

6 1,400 Limestone. 

7 1,425 Limestone. 

8 1,450 Limestone. 

9 1,475 Limestone. 

10 1,4S7 Calcareous shale. 

11 1,500 Limestone. 

12 1,595 Limestone. 

13 1,605 Limestone, 

14 1,638 Limestone containing sponge sinailea. 

15 1,645 Calcareous shale containing sponge spicules. 

16. .' 1,650 Calcareous shale containing sponge spicules. 

17 1,652 Calcareous shale containing aponge spicules. 

18 1,656 Calcareoua shale. 

19 1,658 Calcareous shale. 

20 1,661 Limestone. 

21 1,630 Limestone. 

22 1,690 Limestone (rather impure). 

23 1,700 Limestone (very sandy). 

24., 1,762 Limestone (very sandy). 

25 1,780 Limestone (very nndy). 

26 1,800 .»CalcareouB sandstone. 

27 1.810 Calcareoua eandstoike. 

28 1,820 Limestone. 

29 1,830 Limestone. 

30 1,850 Limestone. 

31 1,862 limestone. 

32 1,870 limeotcme 

33 1,880 Limeston*. 

34 1,895 Limestone. 
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Vo. DeptblnteM. 

36 1,920 LimesWne. 

36 1,930 Siliceous and femiginouB Umeobais. 

17 1,940 Siliceous and teixuginouH limeetone. 

33 1,9M Shaly limestone. 

In West Virginia natural brines are obtained in commerciallj 
workable quantities in the valleys of the Ohio and Kanawha Rivers- 
The former region, Mason County, lies closely adjacent to the Pomeroy 
district of Ohjo, and the brines there obtained c nie from the same 
formation as do those obtained at Pomeroy. Their origin has been 
discussed in a foregoing paragraph. 

In the latter region, the Kanawha Valley, wells have been bored 
in Kanawha County, at Maiden, and penetrate the saliferous sand- 
stones of the Pottsville series of the Carboniferous.' 

The strata impregnated with brines here he at a depth of 600 to 
1,000 feet below the surface. The stratigraphy of the area ia very 
■well illustrated by the incomplete log of a gas well put down in the 
locality of the "Burning Spring" on the Kanawha, about 9 miles 
' above Qiarleston. The record begins at 100 feet below the Lower 
Kitt&nning coal.' Depui 



Fonnatlon. 


tlon. 


Total 
d^pth. 
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' Hum, BnL 7, Gaol. Survay, La. 
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The Pottsville aeries, contafting the "salt sand" or strata impreg- 
nated with brine, is here represented as 837 feet thick. 

In the limestone stratum beginning at a depth of 1 ,063 feet are 
included thin strata or streaks of sand which are assigned to the 
so-called "Big Injun" horizon. This sand has been noted in the 
record of the Beck well, at Pittsbui^h, at about the same depth, a 
fact of especial interest as, seemingly, correlating the saliferous strata 
of central West Virginia with those of western Pennsylvania. 

PBMNSYLVAKU. 

Natural brines are obtained from certain pervious strata under- 
lying Pittsburgh and vicinity. A remarkably deep well has been 
bored by the John A. Beck Salt Co., of North Side, Pittsburg, the 
driller's record of which is appended. Tim was secured through 
the courtesy of Mr. Charles Glass, chemist. While the information 
to be obtained from the record is of a negative character when looked 
at from the standpoint of possible sources of potash, it is of especial 
interest as revealing the character of the rocks underlying the salif- 
erous sandstones. 

ReeordqfWtll No. 4— The John A. Beds Satt Co., North Sidt, PUUburgh, Pa. 
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In the rocks underlying Kansas are found both strata impreg- 
nated with brine and beds of rock salt. In addition to these sources 
of salt there is a third — the salt marshes. 

The natural brines are carried in saliferous shales of the Dakota foiv 
mation, located near the base of the upper Dakota.' They are from 
15 to 30 feet thick. At or near their outcroppings the sfdt marshes 
have been formed in depressions caused by the erosion of these 
strata and fed by springs of salt water emerging from them. The 
marshes in periods of dry weathra- become whitened by a crystalliza- 
tion of sodium chloride. 

In addition to this stratum the Red Beds in the upper Permian 
are likewise impregnated with brine and likewise supply some of the 
salt found in the marshes. 

* Ou G feet In titth nDd. 

113., 19SS, p. SO. 

L,:,u A^.oogle 
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The rock salt is found in a. bed lying between shales of the Permian 
formation. , The latter are the Wellington shales above and the 
Marion shales and limestones below. Toward the eastward they 
gradually grow thinner and eventually disappear before the borders 
of the State are reached. To the South they appear in Oklahoma 
and their limit ia entirely unknown. To the northward their thick- 
neaa decreases at a rate which woiild indicate their disappearance 
before the northern borders of the State are reached. The beds have 
a southern dip. Then- western lunits are not known. In the r^on 
underlying Anthony the salt bed has a thickness of about 400 feet. 
At Kanopolis the thickness is 250 feet. From the following record 
of a boring sunk at Kanopolis may be obtained a very definite idea 
of the stratigraphy of the formations pierced: ' 



Uattrialfrom — 



Tnattie — Ccmtdiiued. 



Nmnbcr al 



5 Soil, Bindy loam. 

10 Brown aond. 

IS Yellow Mnd. 

20 Sand and fine gravel. 

25-S6 White Band and fine gravel. 

35 Coanegnvel. 

40 Yellow clayey sand. 

45-56 Gray aoapatone. 

55 Lightgray Boepatone. 

60 Bedabale. 

65 Fink shale. 

70-50.... Gray Bhale. 

80 Gray Band and gravel. 

85-115. . .Gray shale. 
115-150. .Dark-blue ahale. 
150-185. . Lead'«olored Aale. 

186 RedduUe. 

190 Silica or li^t shale. 

195-200. . Silica or light soft ahale. 

Trianie. 
205-246.. Red rock. 

245 Brown rock. 

250-260. . Dark-brown rock. 
26(^270. . Brown and red rock. 
270-280. . Dark-red rock. 
280-300. . Brown and red rock. 
305-^20.. Red rock. 
320-335. .Light-red rock. 

335 Brown and red rock. 

340-350. .Dark-red rock. 

•Kirk, 1£1d. Bet. EaiU. 



350-365.. Brown rock. 

Dark-red rock', 

Dark-brown rock. 

375-385.. Dark-red rock. 

Traces of gypsum. 

Dark-red rock. 

Very datk red rock. 

Dark (gypmim) rock. 

Brown (traces) rock. 

Blue ahale. 

415-465. .Blue shale and gypsum. 
465-475.. Blue shale. 
475-490. . Brown shale. 

490 Bed rock, gypmim. 

495-510. . Brown gypaum. 
510-530. . Brown ahale. 

Gray shale. 

535-665. .Brown shale. 
565-640.. Blue ehale. 

Blue shale, with i9n scales al 

aalt. 
645 Blue shale and salt mixed. 

Salt. 

Salt and shale. 

665 Shale and salt. 

670 Salt. 

675-860. . Salt, bri^it crystals. 

Slightly mixed wifli shale. 

865-875. . Salt, slightly mixed with diale. 
875-680.. Salt and clay. 

8, p. M, with modmcMllilW. 
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LODISUMA. 



The Stat« of Louisiana is underlain by Balinea in certain known 
areas of both its northern nnd southern parts. The deposits have 
been described in Bulletin 7 of the Geological Surrey of Iiouisiana 
by G. D. Harris, from whose valuable report the few brief facts here 
given have been taken. 

At Petite Anse, on Averys Island, in southern Louisiana, a salt 
deposit, which is typical, is found in formations of Quaternary origin. 
The salt deposits are referred to the Tertiary period and are supposed 
to rest on the Cretaceous.' The areal dimensions of the beds or 
masses here are undetermined, as likewise their depth. 

Below are given brief records of two wells, 1 mile apart, which 
have been sunk at Petite Anse: _ 

Total 



TorttaOaa. Fat. Fat. 

Saperfidal detritus 330 330 

WeU No. 1: 

Rock Bait 2,263 2,593 

Blue gas sand ' 70 2, 663 

Rock salt 2,729 

End ot boring 2,729 

VeU No. 2: 

Yellowiahclay 500 BOO 

Giavel 200 700 

GtayiAaand 2,112 2,812 

Neither rock salt nor brines were encountered in this well (No. 2). 
At a depth of about 1,100 feet a bed of shells was penetrated, and at 
1,400, logs of wood were encountered. 

These two records are of especial interest as indicating irr^ularity 
or discontinuity of the beds of this section. 

At Grande Cote, also in southern Louisiana, rock salt is found at 
a depth of only 145 feet below the surface. The nearness of the salt 
to the surface in this region is particularly favorable to mining. 

The rock salt beds of Louisiana, imlike those of New York and 
Kansas, are not regarded as the desiccation product of a saline sea. 
Tbtix pecuhar pyramidal or domelike shape, their association with 
petroleum and gas, and the enormous lifting forces wMch have accom- 
panied their formation have suggested various theories to account 
for their origin, one of which, advocated by Harris ■ and attributed 
by Clarke * to Hill and Hager, proposes that the rock salt of Louisiana 

1 Lucsa, Truu, Am. Imt. lOn, Eog., », Ml (18W). 
■ A log of wood WBi Icnuid in this iDtrnMaa. 
*EHTi9, toc.dL • 
•F. W. Clarln, I>itaDtO«oatwnilttr]r,2d»d., p. 218. 



igitizedty Google 



42 POTASSIUM SALTS IK SALINES OT THE UNITED STATES. 

(aad TezEia) has been ciystallized from rising columns of hot solution 
aod that the growth of crystal masses in forming have exerted pres- 
sures sufficient to lift the domes.> 

Crystallization under the conditions assumed by the theories of 
Harris can only be the result of a cliiUing of a hot, saturated solution. 
As the solubility coefficient of sodium chloride is low, the formation 
of such huge masses of salt must have involved the movement of 
enormous volumes of brine. As a source of the brine, hot, volcanic 
water flowing through and diraolving beds of rock salt suggests itself. 
The ciyatallization of sodium chloride from this solution would rep- 
resent a recryataUization, with a consequent elimination of impuri- 
ties. "The extreme purity of the- salt in these mines, especially 
when taken in connection with the great depths of the salt," accord- 
ing to Harris, "calls for a selective dissolving agent, and a recrystal- 
lization in pure salt masses." 

It is too much to assume a "selective dissolving agent." And such 
an assumption is unnecessary, as the impurities present in known 
beds of rock salt on this continent are in very small amount. This 
fact is abundantly substantiated by the various artificial ' brines 
examined in this investigation. In fact, the artificial brines should 
be strictly comparable in composition to the theoretical brines from, 
which the rock salt of the salt domes was built up. The crystalliza^ 
tion of salt from such a pure solution would result necessarily in a 
pure product. Furthermore, the amount crystallized from a given 
volume of solution through cliilling would be so small as compared 
with the total salt in solution that the composition of the solution 
would be only slightly altered by the precipitation. There would 
then be no appreciable segregation of impurities in the mother liquor. 
Also an accumulation of mother liquor would be impossible, theoreti- 
cally, as the chilled solution must have been displaced by the succeed- 
ii^ volumes of unchiUed solution. A further precipitation of salt 
and consequent segregation of impurities in the mother liquor would 
have been impossible under the conditions assumed, as no evaporatioD 
or other action leading to a further concentration could have taken 
place within the strata. 

If this theory be accepted, then all hope must be abandoned of 
finding here any s^regation of potassium salts. 

If these salt masses did form, as supposed, by ciystallization from 
below, and if through any combination of conditions other salts than 
sodium chloride were deposited, the order of their deposition should 
have been, roughly, the reverse of that observed in the Stassfurt' 
deposit. The conditions tending to induce a different order of pre- 
cipitation would have been high temperature and pressure. 

■ For k inBNititlai ol tbtM ind olber Oiesdta, nknoM li nudt to BoUMln 7 ol Uia Qwloglwl Sumj 
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A farther theory, whose assumptions are lees violent, accounts for 
the fonuation of salt domes as the result of great pressure on plastic 
salt masses by the inclosing, less plastic rocks. This theory is attrib- 
uted by Hahu * to Harbort, and is stated by him as "a conclusion 
that the relatively plastic salt mass has been squeezed upward like a 
fluid magma under the pressure of ot^anic forces vhile the normally 
overlaying strata either had been pushed aside or left behind as 
slu^iah and inflexible masses." 

The plasticity of salt masses is a known and not an assumed quan- 
tity.* If at ordinary temperatures this quality is insufficient to 
account for the fluidity which has been exhibited by the masses com- 
prising the salt domes, it easily may be assumed that the salt was 
warmed to its melting point by Tolcwiic heat. If sodium chloride 
fuses with a decrease in volume, the pressure to which it is subjected 
in the earth's crust would lower its melting point. The association 
of sulphur, presumably a reduction product of calcium sulphate, with 
the salt masses further suggests elevated temperatures. The format 
tion of salt domes, then, would be the result of ascending columns of 
fused sodium chloride. Recrystallizatioa would occur when the sur- 
face had been approached, being induced by a lower temperature or 
slower pressure, or both. Crj^tal formation, as suggested by Harris, 
may have added its forces to the pressure of the ascending molten 
mass. 

TBCRNOLOaT OF SALT HAVUVACTUaX. 

The following brief statements will cover the essential points in the 
technology of the manufacture of salt as practiced in the plants visited 
in New York and Michigan. 

In these States operations of two distinct sorts are carried on: 
The preparation of salt from (1) rock salt and (2) from brines. 

(1) The first class includes the mining , crushing, and screening of 
rock salt. Shafts are sunk to the salt beds and the salt is removed 
by methods in a general way similar to those in vogue in coal mining. 

(2) Brines of two general sorts are used — (a) artificial and (b) 
natural. 

(a) By artificial brines is meant those which are obtained where 
water is admitted to the salt beds through borings from the surface. 
Two pipes are sunk, a smaller one inside a latter, through one of 
which fresh water is admitted and through the other brine is taken 
out. Gradually a cavity in the salt bed is thus obtained. In the 
larger cavities the amount of brine pumped out in a given length of 
time is so small as compared with the total amount of solution in the 
cavity that the issuing brine is a practically saturated solution. 

> Ecoaam. Qeol. 7, 110 (1911). 

■ •'UmlorniiinKTonCamsllItunUialbelUgga Druak," Rlnna, E(iaii«ii-FM(Biiliiltt,W)T, UB;"Plutiitfie 
ItelusBli u. BflTliu," NbuM Jabrbnoh F. Mln., ISOt (I), 111. 
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Since the fresh water admitted to the cavity is of a lower density 
than the brine, it hes on top of the brine. More rapid solution then 
takes place from the upper part of the cavity, and hence of the salt 
stratum. The composition of the brine thus produced, then, is not 
necessarily representative of that of the entire stratum. 

(6) The term "natural brines" in this report has been restricted 
to those salt solutions, of various degrees of salinity, which are 
found in the porous strata of certain regions. Natural brines are 
obtained from wells sunk to the porous strata. A cavity is formed 
for the collection of the brine by "shooting" the well with nitro- 
glycerine. 

PRELIMINABT TBEATUENT. 

From the wells the brines enter settling tanks, where solid matter — 
small particles of ai^Uaccous limestone and gypsum—is allowed to 
settle out. Following this, the brines may be run directly into 
evaporators, or may be subjected to treatment for the removal of 
any or all of the pernicious impurities. The practice varies from 
plant to plant. The impurities removed are solid matter, hydrogen 
sulphide, iron, calcium, and magnesium. 

Hydrogen sulphide is removed either by allowing the brine to 
stand exposed to the open air or by passing it over weirs or cascades 
or through long troughs. With the removal of hydrogen sulphide, 
iron present originally as ferrous salts is oxidized and may be pre- 
cipitated by hydrolysis or by milk of lime. 

Calcium and magnesium are removed partially by precipitation with 
applications of soda ash. A further and more perfect separation is 
obtained with sodium phosphate. 

EVAPORATION. 

Evaporation is effected in one of three forms of apparatus or in 
combination of the three: "En^ish open pans," "grainers," and 
" vacuum pans." The English open pan is of sheet iron and is sup- 
ported on brick pillars and arches directly over the fire box and flues 
of a furnace. "Grainers" are shallow pans of sheet iron or cement, 
heated by means of steam pipes. "Vacuum pans" are funnel- 
shaped vessels of insulated sheet iron, covered with a dome-like top 
and heated with steam coils. These are operated singly or in com- 
binations of two or three, designated, respectively, as the "single," 
"double," and "triple effect" system. The rate of evaporation is 
increased by reduced pressure. 

The crystallized salt is removed from the open pans and grainers 
by rakes operated by hand or mechanically and from the vacuum 
pans by bucket conveyers with perforated bottoms. The mother 
liquor is removed from the salt on the dripping boards, in drainage 
bins or in centrifuges. 
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MOTHEB LIQUOBB. 

The treatment of mother liqaora varies from plant to plant, and is 
detennined as much by the purity of the original brine as by any other 
factor. 

The precipitation of caldum sulphate on the bottom of the open 
pans and the coils of the gr&iners and vacuum pans acts as an effective 
heat insulator and interrupts the evaporation. To remove this 
coating it is necessaiy to empty the evaporator. In some plants at 
tliis stage the brine is allowed to run into drains and is lost. If the 
preliminary purification has been only slight, this stage of the opera- 
tion may be reached quite early, and the amount of salt obtained may 
represent only a small proportion of that present in the brine. There 
is then but a slight concentration of the solution. The other extreme 
la found in those plants where it is the practice to subject the brine 
to a careful preliminary purification. The mother liquor here is 
never thrown away, but is allowed to mix with fresh voliunea of 
brine. 

It was foxmd to he impracticable to secure accurate information 
concerning the ratio between the volumes of brine evaporated and the 
motlier liquor resulting, or the degree of concentration. And as the 
practice varied so widefy from plant to plant it was even less prac- 
ticable to determine the average volumes from all the plants visited. 

In general it may be said that where mother liquors are discarded 
the degree of concentration in them is slight. 

The mother liquors from the evaporation of natural brines are sub- 
jected frequently to further treatment for the recovery of calcium and 
magnesium chlorides. For this purpose they are further evaporated 
to tile point where, on coolii^, the ultimate possible crystallization 
of the sodium chloride is accomplished. The mother liquor from this 
crystallization is evaporated in kettles, heated with steam coils, to the 
concentration at which, on cooling, the mass solidifies. The water 
present enters into combination as water of crystallization. The 
product is a mixture of hydrated calcium and magnesium chlorides, 
with the calcium, chloride in preponderating amount. 

For the recovery of bromine the mother liquor is acidified with sul- 
phuric acid and is distilled in the presence of manganese dioxide or 
potassium or sodium chlorate. The acid is neutralized subsequently 
with lime and the solution is evaporated for the preparation of the 
Bolid calcium chloride. The addition of lime in excess over that 
requisite to the neutralization of the sulphuric acid gives a final 
product of an alkaline character. 
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SOLAS sehnebies op the pacifio coast. 

The BBft water is pumped at high tide into one end of a long series 
of shallow ponda. These are connected with each other, and as the 
evaporation proceeds the hrine flows through the series of ponds, 
gradually increasing in concentration. Gypsum is deposited during 
this stage of the process. When the brine has reached a concentra- 
tion of about 75° or 80° by the salimeter it is pumped into the so-called 
lime ponds, and when it approaches saturation (100° by the salimeter), 
thence into the "salt-making" ponds. Here it is allowed to deposit 
salt during a summer. At the end of the season the mother liquor is 
drained or pumped oflE and the crystallized salt is scraped from the 
bottom (ff the pond. 

The mother liquor is either discarded or is stored in ponds, and used 
at times to increase the concentration of brines which have not 
reached a high enough concentration to deposit salt. The approach 
of the end of the season, rather than the concentration of the impur- 
ities in the mother liqour, is the determining factor in bringing the 
evaporation to a close. 

The mother liquors contain, in addition to their saline constituents, 
a considerable amount of organic matter consisting of bacteria, the 
larvee of a certain fly, and the disintegrated remains of flsh. The 
color of the mother liquors is red. 

THE OOLLEOTION OF SAMPLES. 

The specimens of rock salt and brines whose analyses are reported 
in this bulletin were collected for the most part during the summer of 
1911. Samples of rock salt, natural and artiflcial brines, and mother 
liquors from New York and Michigan were taken by Dr. W. C. Phalen, 
of the United States Geological Surrey, and the author; those from 
Ohio, West Virginia, Kansas, and Louisiana were collected by Dr. 
Phalen. 

Certain other samples of brines from numerous sources, such as the 
oil or gas wells or borings for oil or gas, were collected by correspond- 
ence by the Geological Survey. This collection was made, as was the 
collection by the Geological Survey during the summer of 1911, for 
the purposes of a systematic investigation of the salines of the United 
States occurring east of the Rocky Mountains. The taking of the 
samples in this manner could not be accomplished in accordance with 
standardized methods, hence the collection of 1911. 

Samples of bitterns from the salt refineries of the Pacific Coast were 
collected by E. E. Free, a representative of the Bureau of Soils. Speci- 
mens of the brines from salt lakes of California, likewise, were obtained 
by Mr. Free. 
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Samples of brines and bitterns of the 1911 collection were taken, 
with a very few exceptions, in person, either by Dr. Ph^len or by the 
author. Requisite care was observed to secure a representative 
sample, where that was desirable. In sampling bitterns, portioiu 
were taken from the evaporators at points as far as possible from the 
inlet pipe through which fresh brine was entering. Bitterns repre- 
senting the maximum evaporation were sought. 

The specimens of rock salt were taken from the actual working faces 
of the mines. With one exception the samples were taken by cutting 
a groove from ceiling to Soor, thus getting a sample through the entire 
depth of the strata worked. The resulting lot of salt was thoroughly 
mixed and quartered and was thus reduced to a convenient bulk for 
shipment. 

In the field special attention was given those points which had a 
bearing on the question of the occurrence of potash in the rock salt 
and brines operated with, such as — 

1. The salt wells (or mine shafts), their depth, the character of the 
strata penetrated. 

2. llie composition and character of the rock salt and brine. 

3. The treatment to which the brine is subjected for the removal of 
impurities and the resulting alteration in its composition. 

4. The evaporation of the brine: The methods employed, the extent 
to which the evaporation is carried, the impurities separating, the 
amount of mother liquor produced from a definite amount of brine, 
and its subsequent treatment; its composition. 

ANALYTICAL METHODS. 

In the analyses, for the most part the methods recommended by 
the Association of Official Agricultural Chemists for the analysis of 
mineral waters were employed in the determination of iron and 
aluminum, calcium, magnesium, sodium, potassium, and sulphuric 
acid. Certain modifications tending to abbreviate the analjrtical 
processes were introduced when found expedient. These methods 
have been widely circulated in Bulletin 107 and Circular 52 of the 
Bureau of Chemistry of the United States Department of Agriculture. 
However, the number of inquiries received at this office concerning 
the methods of analysis employed warrant their publication. For 
that reason the methods as modified are introduced here. 

FBBFABATION OF THE SOLUTION. 

The sample of brine is allowed to stand until all sediment has 
settled out. A portion, 10 c. c. in volume, is transferred in a dry, 
calibrated pipette to a 200 c. c. graduated flask. This is Med to the 
mark with distilled water. AJiquot portions of this solution are 
taken for the, various determinations, as indicated below. 
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DBTERHINATION OF DIFFEBENT CONSTITUENTS. 

Total aalta in soluHon. — A convement Tolume of the above solution 
(i. e., of the original brine) is transferred by means of a graduated 
pipette to a weighed platinum dish. It is evaporated to dryness and 
the residue is heated to constant weight at 105° C. It is sometimes 
also advisable to weigh after drying at 180° C. 

Lo88 on igniHan. — Ignite to low redness the residue obtained as 
total salts in solution. Cool and weigh. 

If the brine on standing has remained coloriess, proceed next to the 
determination of calcium and magnesium. Otherwise analyze for 
iron and aluminum. 

Iron and aluminum. — Treat an aliquot portion of the solution with 
ammonium chloride (to keep magnesia in solution) and heat to 
boiling. Add ammonium hydroxide, a drop at a time, imtil it can be 
very faintly smelled coming off from the solution. Boil the solution 
unlal the smell of ammonia has practically disappeared, filter, wash 
with hot water, dry, bum, ajid we^ as ferric oxide {Fe,Oj) and 
alumina (AljO,). Use the filtrate for the determination of calcium 
and magnesium. 

Iron. — Treat an aliquot portion of the solution with 2 or 3 c. c. of 
concentrated sulphuric acid and evaporate to a sirupy consistency. 
Take up with water, reduce with hydrogen by the addition of zinc, 
filter, and determine the iron in the filtrate with standard potassium 
permai^anate. 

Calcium and magnesium} — Treat the filtrate from the iron and 
aluminum determination (or a new portion of the solution) with 
ammonium hydroxide and ammonium oxalate and allow to stand 
overnight. Filter off the liquid, wash twice with hot water by 
decajitation, dissolve the precipitate in hydrochloric acid, and repre- 
cipitate with ammonium hydroxide and a little more ammonium 
oxalate. Allow to stand ovem^ht and filter and wash on the same 
paper previously used. Dry the precipitate and transfer to a crucible, 
ignite and blast in the ordinary way, and finally weigh as calcium 
oxide. Kvaporate the combined filtrates to drj^ess in platinum and 
drive off the major part of the ammonium salts by heating. Dissolve 
the residue in dilute hydrochloric acid and filter. Make the filtrate 
slightly ammoniacal, add enough sodium phosphate solution, a drop 
at a time, to precipitate all magnesium and 10 c. c. of concentrated 
ammonium hydroxide, drop by drop. Cover the beaker and allow 
to stand overnight; filter, wash with 2.5 per cent of ammonium 
hydroxide until free from chlorides; dry, blast, and weigh as magne- 
sium pyrophosphate. 

I Nat vpUcsbIa In the pceMODs at mlitubM amoiiatt al ptiMpbofla add. 
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Stdphuric add. — Acidify with hydrochloric acid another portion of 
the solution and treat, while boiling, with hot, dilute barium chloride 
solution. After standing, filter; wash the precipitate of barium 
sulphate and dry; bum and weigh in the usual manner. 

Svaporate the filtrate to dryness and take up with a httle water. 
If the presence of lithium is suspected, moisten a platiniun wire, 
thoroughly cleaned in concentrated hydrochloric acid, with the 
solution obtained as just indicated, and hold in the blue flame of a 
Buusen burner. Examine the flame with a spectroscope for the 
characteristic red Uthium lines. If hthium is found to be present 
proceed, as follows, to the detennination of sodium, potassium, and 
lithium: 

Sodiwm, potasaium, and lithium. — Add a solution of barium hydrate 
or milk of lime and filter off the insoluble magnesium hydrate. Wash 
thoroughly with hot water the magnesium hydrate precipitate, and 
combine the filtrate and washings. Treat with ammonia, ammonium 
carbonate, and a httle ammonium oxalate to precipitate calcium and 
barium. Allow to stand overnight, filter and wash thoroughly. 
Evaporate the filtrate and washings to dryness, diy in an oven and 
finally drive off the ammonium salts by gentle heat. Take up the 
residue with water, filter through a small filter, using as little wash 
water as possible, evaporate to a small volume, and finally again 
precipitate with a drop of ammonium hydroxide, and two or three 
drops of ammonium carbonate and oxalate. If any precq)itate ap- 
pears, which is not usually the case, filter and repeat the same process. 
In any case, filter the solution from the magnesium hydrate that is 
precipitated on concentrating the solution. Evaporate the filtrate 
to dryness and drive off all ammonium salts by heating in platinum 
to a little below redness. Take up the residue with a httle water and 
run through a small filter, using as little wash water as possible, and 
again heat in platinum to a point sightly below red heat. By this 
means all of the magnesium should be removed. Take up the residue 
-with, a Uttle water, filter into a weighed platinum dish, add a few 
drops of hydrochloric acid, and evaporate to dryness. Dry in an 
oven, heat to a Uttle below redness, cool in a desiccator, and finally 
weigh the combined chlorides of potassium, sodium, and Uthium. 

The determination of lithium is then made according to the method 
of Gooch,' as follows: 

Dissolve the combined chlorides in water and transfer to a small 
beaker and again evaporate practically to dryness. Add about 30 c. c. 
of dehydrated amyl alcohol (boiling point 130° C) and boil until the 
temperature rises approximately to tiie boilingpoint of the amyl alcohol, 
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showing that all of the water has been driren off. Cool slightly and add 
a drop of hydrochloric acid to reconvert small amounts of Uthium 
hydrate to Uthium chloride. Continue the boiling again to drive off 
ail water, imtil finally the liquid reaches a volume of about 16 c. c. 
Filter the amyl alcohol into a weighed platinum diah and wash the 
filter with a httle amyl alcohol. Drive off the amyl alcohol from the 
filter and beaker in the air bath and keep these for the determination 
of potassium and sodium. Evaporate the contents of the platinum 
dish to dryness, treat with a little sulphuric acid, and finally ignite 
and weigh. This gives the weight of the hthium sulphate, from which 
subtract 0.0017 gram to correct for the solubility of sodium and 
potassium chlorides in the amyl alcohol. Test the residue with the 
spectroscope for hthium. If lithium is found with the spectroscope, 
but is not present in sufficient quantity to weigh, it is reported as a 
trace. In the analyses reported in this bulletin, lithium is omitted, 
since, in no case, was it present in sufficient amount to justify quan- 
titative estimation. 

Use the contents of the beaker and filter from which the amyl 
alcohol has been driven for the determination of potassium and 
sodium. Dissolve the contents of the beaker in hot water, filter and 
thoroughly wash. Transfer the combined filtrate and washings to a 
porcelain dish. Add a small amount of chtor-platinic acid solution 
and evaporate nearly to dryness. Treat the residue with SO per cent 
alcohol. 

If the alcoholic solution is colored yellow, a sufficient excess of 
chlor-platdnic acid is indicated; otherwise more must be added 
until the yeflow color persists. Filter through a tared Gooch crucible, 
wash thoroughly with 80 per cent alcohol and with a solution of 
ammonium chloride which contains 100 grama ammonium chloride 
per 500 c. c. (a 20 per cent solution) and which has been saturated 
with potassium chlor-platinate. Wash finally with alcohol and dry 
to constant weight at 100° to 102° C. Calculate to potassium 
chloride. An addition of 0.0008 gram of potassium chloride is neces- 
sary to correct for its solubiUty in amyl ^cohol. 

The weight of the sodium chloride is found by subtracting the 
combined weights of the lithium chloride and the potassium chloride 
(corrected) from the total weight of the three chlorides. If the amyl 
alcohol in the determination of hthium is not evaporated to exactly 
15 c. c, the correction will differ from those mentioned. 

If the initial qualitative examination for the presence of litMum 
shows its absence, the operations for its determination are omitted. 
In that case proceed directly with the addition of the chlor-platinic 
acid. 
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Iodine and hromine, gualitoHve mtOiad. — The qaalitatiTe tests for 
the presence of iodine and bromine are rerj much the same as those 
gireD by Fresenios. Evaporate an aliquot portion of the alkaline 
filtrate to dryness on the steam bath. Add 2 or 3 c. c. of water to 
dissolTe the residue and enough absolute alcohol to make the per- 
centage of alcohol about 90. Boil and filter and repeat die treatment 
of the residue with 90 per cent alcohol once or twice. Add 2 or 3 
diopa of sodium hydrate solution to the filtrate and evaporate to 
dryness. Repeat (he process of extracting with 90 per cent alcohol 
on the new residue, and filter the extract from the undissolTed portion. 
Add a drop of sodium hydroxid to the filtrate and evaporate to diy- 
ness. Treat the residue with a little distilled water, add dilute sul- 
phuric acid to acid reaction, transfer the liquid to a test tube, add a 
little carbon bisulphide and 3 or 4 drops of 2 per cent piotassium 
nitrate solution, and vigorously shake the test tube. The presence of 
iodine is shown by a pink color in the carbon bisulphide. Add 
chlorine water until the pink color due to the iodine has disappeared, 
and then add a little more chlorine water. The presence of bromine 
19 shown by an orange color in the carbon bisulphide. 

Iodine and hromine, colorimeiric method. — Evaporate an aHquot 
portion of the alkaline filtrate to dryness and extract with 90 
p«r cent alcohol as in the quahtative examination just described. 
Dissolve the residue in a little water, acidify with a little sulphuric 
acid (1 to 6), using 3 or 4 drops in excess, and transfer to a small 
flask. Add 4 drops of 2 per cent potassium nitrate solution and 
about 5 c. c. of carbon bisulphide freshly purified by distillation. 
Shake until all iodine is extracted. Filter off the acid solution from 
the carbon bisulphide. Wash the flask, filter, and contents with cold 
(listilled water and transfer the carbon bisulphide (containii^ the 
iodine in solution) to a 12 c. c. Nessler tube by means of an additional 
5 c. c. of pure carbon bisulphide. Make the contents of the tube up 
to the mark and match the color with that of other 12 c. c. tubes con- 
taining known amounts of iodine dissolved in carbon bisulphide. 
Prepare the standard tubes by taking measured quantities of a solu- 
tion of known potassium-iodide content, acidifying with sulphuric 
acid (1 to 5), add 3 or 4 drops of potassium nitrate, and extract with 
carbon bisulphide just as in the actual determination. 

Use the filtrate from the carbon bisulphide for determining bromine. 
Add to the filtrates from the iodine standards, different measured 
quantities of potassium-bromide solution of known strength, the 
standards beii^ run with the actual determination and conducted 
in exactly the same way. Transfer the filtrates, both from the actual 
determination and from the standards to small flasks and add freshfy 



Digitized ty Google 



52 POTASSIUM SALTS IN SAUNBS OP THE UNITED STATES. 

prepajed chlorine water. Usually 2 to 8 c. c. of a saturated solution 
of chlorine is sufficient. Care must be taken not to add too much 
chlorine in excess of that necessary to set the bromine free, since a 
bromo-chloride may be fonned with an excess of the reagent, thus 
spoiling the color reaction. 

The best results are obtained by adding approximately the same 
excess of chlorine to the standards as to the actual determination. 
This may be accomplished by adding the chlorine water 1 c. c, at a 
time and shaldng between additions. After a little practice one can 
determine approximately when the chlorine ceases to set bromine 
free. After all bromine has been thus set free add 5 c. c. of freshly 
purified carbon bisulphide to each of the flasks and shake thoroughly. 
Filter off the water solution from the carbon bisulphide through a 
moistened filter, wash the contents of the filter two or three times 
with water, and then transfer to a 12 c. c. Nessler tube by means of 
about 1 c. c. of carbon bisulphide. Repeat this extraction of the 
filtrate twice, using 3 c.c. of carbon bisulphide each time. The com- 
bined carbon bisulphide extracts usually amount to from 11.5 to 
12 c. c. If they do not quite reach the 12 c. c. mark, add enough 
carbon bisulphide to each tube to bring them to the required volume 
and compare the sample with the standards. In some cases when 
working with the method near its upper limits the bromine is not aH 
extracted by the amounts of carbon bisulphide recommended. If so, 
make one or two extra extractions with ctu-bon bbulphide, transfer 
the extracts to another 12 c. c. tube, and compare the color with 
some of the lower standards. 

LUJtivm. — Lithium has not been reported in the following tables 
of analytical results. In practically every brine examined its occur- 
rence was in such small amount that its determination by ordinary 
analytical methods was scarcely practicable. However, all mother 
liquors have been examined spectroscoplcally for lithium, rubidium, 
and caesium, and the amount of lithium in each case has been esti- 
mated. The results of the latter investigation will be presented 
subsequently. 

CALCULATION OF BE8ULT8. 

Calculations are made to parts per thousand (or per hter) in the 
respective ions. In calculating the conventional combinations, 
lithium and potassium are calculated to chloride; the sulphate ion is 
calculated to calcium, sodium and magnesium sulphate; Uie bromide 
ion is calculated to magnesium and sodium bromides; the residual 
metallic ions are calculated (o the chlorides. 



igitizedty Google 



ANALYTICAL RESULTS. 53 

ANALYTICAL BESTTLTS WI T H ABTIFICIAL BBINBB. 
Tablb XI. — C<mipotitwn of artifidid hrint» of Ntw York, 
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Table XII.— CtrnipoHlion of artifidal brintt of Ohio. 
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14. nnlOQ SaltCo., Claveland, Ohio. Artmdal brine Irom 1 well. 1011. B. F. Oardnu, analnt. 

U. Ohio Salt Co., Wadswo^b, Ohio. Composite aitUlctal brine Inaa 9 w4i>. iBtl. K. F. Oifduar, 
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Taslb Xlll.—Ccmipotilum of artificial briiu* of Midngan. 
[Puis p«r 1,000-1 
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Tablb XIV. — Cmnpoiilwn ofart^fiaal britui o/ Midngan and Canada. 
[Parte per l,00a| 
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». IHamoDd Ojital Salt Co., 81. Clair, Uloh. Brine trom a sinde weU. 1311. R. F. Oirdner, an- 

34. Davidson, Wonsey Co,. Marine City, Uich. Brine trom 2 wells. IBU. R. F, Qaniner, analyst. 
39. Ulctil^ Salt Works, Uarlne City, Ulcb. Brine from company's 1 well. ISll. R. F. Oordner, 

30. WoreeeUr Elalt Co., Bcone, near Detroit, Hiob. Composite brine from 3 wells. B. F. Oardner, 
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ANALYTICAL BE8ULTS. 

Taslb XV.—Compotition o/arti_fieuU brmtt o/Katuat. 
[Psm per Lwai 
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AJfALTnOAI, KESTTLTS WITH NATUSAli BBINE8. 
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Tablb XVII. — Ctmpotititm of the luituni brina of Ohio and WM VwgtTtia. 
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TABI.B XVIII. — Oompotition of natural hrmafnan oil and gat twUi of 01m. 
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Tablb XlX.—Cermpontion ofnataral krmtt of Wat Virginia. 
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3D4. BonUi Penn. OH Co., Jsttonan district, Fleasaut Conntj, W. Va. Brlna from salt sand. 1010. 
J. A. CoUbq, Hoalyit. 

(Ch. BoQtli Fcoii. Oil Co., ICaiLoQ County, W. Va. Wall 3,aS2faat. "Bl( luJun" sand. ItlO. J. A 
CoDen, analTSt. 

OOm. Boath Farm. Oil Co., Wood Count;, W. Va. Brina from "Cow Bon" sand. IBIO, J. A. CaUaa, 

aOi!, Boath Fenn. Oil Co,, Tyler County, W. Va. l,St3 kati 10 bairab biliwi ID ban«b oil p«r day, 
"BIcInluD-'sand. 1910. I. A, CuUen, uialyst. 
t^Boatb Fenn. Oil Co,, Ritchie Conn^Tw. Va. Brine bom salt sand. 1910. I, A, CiiUan analyst. 



— . . - -ity,^. - 

Bouth Pmul Oil Co., Hairiaon County, W. Va, Well 3,004 
""* ' A. CuDeo, analvst. 

■"- — W, Va. Wen 1,100 1«t. mo. J, A,Cuton, 



Va. Natural brine 

County, W. Va. Well 2,123 feet; from Innrtli 

feet depth. 



i. Slanl Salt Co., Uuon Connty, V 

4S, J. O. Dloklnaon & Co., Maiden, 
Oardiw, andyit. 

«0g. Sooth Peon. Oil Co., Hanlson 
), A. CaUgn, analyat 

oOi. South PenD.OilCo,, Watiel Coonty, W. Va. 

20^Bonth Pann. OU Co., Grand district, W, Va, 

BOd. SoutiPenn. Cni Co., Froomttn'i Creek dlatrio., ,, .. . 

Isrm, wall No. 2, Iram a dapth ol 3,247 IME. 1910. R. F. Oatdner, analnt. 
ta. South Fenn. Oil Co., Wood County, Union dlitrtct, W. Va. Br 
1910. B, S. Oardner, uudyit. 

eOn. SoDth Fenn. on Co., DnlODdistdct, Wood County, W. Va., Brine 
Oardoer, analyst. 
eoa. SoD^Penn. OU Co., Uumlngtoa dbtrict, Uarlon Cotmty, Vi 

- ■ ■■ "^^ — . Qardoar, analy! 

Liiuiui, ijier County, W. Vs 
" Big lidun" Band at 1,781 ' 
Jiai, anaijn. 



Brine Irom a SO^oot ifratom oi 
betdwii. 1010. R. F. 



a. Oil Co., 

K. FhllUps, 

1. OUCo., 1 

leet Mow Flttaboigh coal. Penetrates , 

t liaiTBls oil per day. 1910. B. F. Qaidnei, ai 



m T, U. Bode's 
"Big Injun" sand. 



Va. Biine trom 1,868 leet, "Big 

m. Isaiah Baker all well No. 4i 1,386 
Itet. Fradocei lio iNUieb brina and 
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POTASSrUM SALTS IK SAUNES OF TH£ UKITBD STATES. 

Tablb XX. — C»mpoMfion o/TuOural hriiut 0/ Pmnrylvaraa. 
[Puts p«t 1,000,) 
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B«^ Stit C3o., PlCUburgjk, Alleghea; Comity, Ps. W^ 1,1S0 IMt, 57,000 gi 



boora. 1010. J. A. CnltBD, analyst. 
SSe. C. HMman, Owion "■--'— ' 
SM. Southern Oil Co., 

[. H. Hemphill, Reufni 



. per day. lOlO. ft. 7. Gwduer, 
a Pena Tomiship, Butter CooDtT, Pa- From 1,801 



feet, KbamliperdsT. tmo. R. P. Oardnar, analyst. 

SI. N. V. V. Tranchot (Olwn, N. Y.), Indian Oeek, UcKan County, Pa. Natural brine trom 1 veil, 
1,100 iBBt daqi. leia B. F. Gardner, aoalnt- 

13S. JebDA.Becke«UCo.,Pltlsbureb,P*. Composite bitne tram 4 wells. IfiU. J. A. Cullen, molrit. 

Table XXI. — CompotiUon of natural britui of Oilahoma. 
IPaiU pv 1,000.) 
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II A OaaCo., iDdepeDdeoce, Kaoa., Cleieland Township, Paimee County, Okla. 

_, Jielsperday. 1910. J, A. (?■■"— — '— - 

4ab. A. Heuqoenet, (Ferguson) township ' 



cainaD.m 
saaTii.A 



■fZ'ie 



l«OII*<ia>Co., W«rn3hip4, Wellington County, Okla. Bilne from 

MObenelipeTday. 1010. I. A. Culkn, analyst. 

3to. PnMB OITA Gas Co., Tulsa County, Okla. Brine trom oil weU 1,5ST l«t d 
1010. J. A. Callai,anBlyst. 

3Bd. Pralii* Oil A Oas Co., township 24, Osai* County, OUt. Brine from oil 
18 band! pet day. lOlO. i. A. CuUen, analyst. 

2St. Pidrie <m i Oas Co., Schullan Township, Okmulice County, Okla. Brine 
deep; 40 barrels per day. 1010. J. A. Cullen, analyst. 

ll D. A. Thomas, Balton, HaimoD County, Okts. Brlai (l)fromsprlni, 1910. 



ity, Okla. From well 8 feet deep. 1010. J. A. 

. Cullen analyst, 
ill US leet deep; 

barrels per day. 

1,HS (Mt deep; 



.t^iOOJ^IC 



ANALTTICAL BSSULTB. ' S9 

Tablb XXI.—CompotUion cftuOwal b rii tti o/QMotoma— Continued. 
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2Si. PnMa OU A Ou Co., towndJp 21, N<r 
4 bwnli per d*;. 1810. }. A. CnUen, naijtt. 

261. PnMa Oil & Oaa Co., llonia Tawnabip, 

J ~t — , ..._ ,p,^ J, A. '^" 

s Co., Btnn 1 



NowaU Oaantf , Okla. Biliw from oU nil, 130 IM 
Okmulgee County, OUa. Bilae Irani oil well, 1, 

— iTJt. 

' kmu l j ee ODimty, OUa. Brfue Brom oil well, 1, 

Countji, OUa. Bibu from all well, 1, 

Coantf, Okla. Btt&e (rom all well, 1, 



ij Tomulilp, Osage Count;, OUa. Brine from oil well. 



. relaperday. „, 

>. PnMe Oil di Obi Co., DamoD Tovii^ilp. 

IS Od., Uiialmj 

per dav. 1010. 1- A- CuUan, analyst. 

ISd. PraWe Oil Ji Oas Co., Homln], „ , 

deep; 100 bamb par dar. ulO. J. A. Cull™, siialrit. 

b. {P.L. CUtloo, Pomeior, Ohio.) Woodard CoontT, OUa. Brine from ipriug. IBl 

ISn. Fraiile Oil & Gaa Co., townablp 11, Tolaa Connl?. Okla. Biine from all well, 
7 barreto pet day. IBIO. " *- 

•a]. Praliia Oil & Ou 
bairela per day. ISIO. 



18a . i 

Wa.^J 
IStPio 



1 County, OUa. Brine from oil well, 1,140 



_le Oil & Qas Co„ TownaUp 27, Horn 
topetday. JOIO. R. F. Oardiwr, analysi, 

ISa. PiaMe Oil & Ota Co., Jefleraon Township, Washli^ton County, OUa. Brine from oil 
feet deep; 30 baireb per day. ISIO. R. F. Oardner, analyst. 

2Sw. PtbWb Oil • ■"- ■*- — — — - - — - " 

SDO banels per da: , . 

If. {Producara OU Co., Houaton, Tei.) TownaUp 30, Tulsa County, OUa. Brine 



A. CuUea, 

deep; H» 
nil,!.!!! 

A. CoUni, 
tMt deep; 



£0. V 



i; 200bt 



!. Oaidnai, analyst. 



,„i,i.ab, Google 



POTASSniM SA1.TS IK SAJJNEB 07 THB UNITED STATBS. 

Tabls XXII.— OMnpontion o/natunl brtTut of Taai. 
[Parti pw ifim 
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Sfi/^odusetsOaCa., HouMcB.WlcbiUCoimtj'.Tax. Brine from oil w^ 1^ IbM dMp; 1 banal per 
da;. 1910. J. A. CnDsa, uulTit 

3e. FrodDoas Oil Co., Hermui Leaee, Hudin Coantr, Tax. Brine &om na wen. 1,198 bet deep; 75 
bairdinr day. ISIO. B. 7. OvdiHr, anilTst. 

Sb. RodUDBS on Co., Boor Lake TowiisUp, Hudla Coantr, Tex. Brine from on weS, 1,350 lest deep; 
SO baireb pw *t ^•"i,,^ ^- Sf*^- ""Jy't™ 
■iialyst. 



leCoDiitr, Tax. Brine Ir 



1 TO t«et deptH. lOia R. V. airdnM-, 



Oardur, analrit 

Tablb XXIII. — Compoiitvm ofmiietllatuovM natural brina. 
(Parta p<r 1,00(L) 
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IML J. W. Samuete, Oeonalown, Ky- — .- 

Sa. Nair DMiUln OH & 6*s Co. (Leiliigton, Ky.), OrlfflD. Wayoe Count;, Ky. 
weO, 100 hat deepi above all sand.* mo. R. 7. OirdM'. uulyit. 

lU. E.W.Uiaw.CUDlon Coimty.IlL ScbafilTollirall Ko.1. Brine from l,0S2 het; Ts burele p« day. 
ma. R.F.Oardner, analyst. 

8. Uatblesan AUrall Warti, Baltvllla Towneblp, Snytli Coonty, Va. Wril aboot 1,000 feet. 1010. 
1. A. CuDoi , analyst. 

in. B. 8. Bantar, Mew Mamartd, De 8oto County, La. Bilne IMni 830 Iset; 4,000,Daooablo laetpeidar. 
PnaaaiaaSOpaunila. lOU). R. F. Oardner, analyst. 

63. e. B. Hmrtv, Bhrerapart, I*. BHu Irora oil mil, Caddo ofl IWdi. 1010. R. F. Gardner, analyst. 

m. CnlonloeASaltCa.,Hattbfriso&, Kam. Brine from TOO feet. 1910. R. F. Oardns', analyat. 

U& U. J. Mmm, Onrtsn Cchu^, Tam. Wats whloh Mowed a Saw at cdL "Has Wd OowIbc 
BfeMia use." 1910. R. F. Oardner, andyst 

113. Xw«elbMOIIlMd,ETai«^taarLa. Brine from on wdL 1910. R. F. Oaidiuc, analjtt 



^>>^tOOJ^IC 



ANALTTICAL BESULTS. 



Table XXIT. — Compotilicm of biUenu fiwn art}fieial brinei qf Nfw York. 
[Patta per 1,000.| 
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14 Wnceetcr Salt Co., 3 



wSpringa, 



S, Y. BItUm from VBcaum paiw. 1911. A. R. Men, uuilTit 
.T. 1911. BlttoD (ram gralner No. K A. R. Ifan, analyrt. 
. Y. Blttam, 10 days' ariipiiTatioa In open puu. 1911. A. R. 



open vans, 55 hour^' 
.i. K. Heri, utalpt. 
mgralnar, awceka'STaprntlon. 1911. 



. B-Uen, 



58. Rook Gten Bait Ci 

57. 'Rock ai«n Silt Co., Rook (Um, N. Y. Bitten, ireaki' tTBporatlaD In gralno', taken at tiOM ol 
nm-ofl. 1110. It. F. OarilDer,uial]rat. 

58. Star ft OnacMit Salt Co., Warsaw, N. Y, Blttam from open pans, taken at tiqn ol tUDoff. Rep- 
neenla an evaporation oT 85,000 nllona of original brine to 350 nllone. 1911 . A. R. Um, analyst. 

5«. Oenessea Bait Co., PtiUrd. N. Y. Blttam from open p — '"■ ■ — " 

«TaparBtiiiac^30,000eailimitoltJlD0nllc— "" ' '■ '' 
oT Ocneasee Salt Co., PtSard, «7y. I 

61. latamaUonal Brit Co., Hycn, H. Y. Bittern alter Zl hoon' erapcration. 1011. R. F. OardiHr, 

62. Intematloiisl Salt Co., Uyara, K. Y. Blttam. 1911. R. F. aarODar, analyst, 

63. Remington Bait Co., IlbscB, N. Y. BltlM^ from erapontora on way to draino. Rl ia tw u ta an 
evepoTBtionof 350 tonaolorlclnBl btin*to25C<ma. 1911. A. R. lleri. analyst. 

M. Remlnrtoa Salt Co., luuuia, N. Y, Bitterns from oentrihiEm atB a, m.,11nrthoar of oeolrUDging. 

tend ofcentrlftiginj(ThoinB). 1911. 
I. R.lCari, analyst 



M.'LaRoT^tCo.,LflRoy,N. Y. Bittern from (DODttnaooa) nm-oS. 191 
67. Satre; Prooesa Co., SjnmiM, N. Y. OrlglDal brln* inai SMMt salt be 
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62 POTASSIUM SALTS IN BALIHES OF THE nNII£D STATES. 
Tablb XXV.—Compotilum of biltoTu from artifieuit brmet of Michigan, East Shore. 

[Pvts per IfiDO-i 
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m. TMnj Salt Co., Dtlnj (Detroit), Uldi. BltUrn; dtlpplnii tnaa Mit ■■ coavtytd hrau n 
puu. Probably bat dllAt conceutratlDD. 1311. A. B. Ken, tnilnt. 
M. Delray Salt Co. Bltlsn from ktbIiik, 13 dan' avaparaOaD. int. A. B. lf<n, inalni 

70, Pan.'-— "— '■- ■" ' "— '-■ ■ ■ — - ^ 



70, Pao^lvaala'Salt Co., Wjaudotte, 'Ufch.' Bittern Iroin drfp^ii( Tata. wio. S. F. < 
graliMT, 23 daya* evaparallotl. 1(11 



.1, I>lamondCrrstal8altCo.,Elt.CIalr,)Ct<Ai. Blttfrn from gralmr, 33 dafa* evaparaHoti. 1*11. R.F. 
Oirdner, analnt. 
73. Darldaan,WoiiBqrCo.,l[artiuCltT,)lldi. Bltteca; drlpidnd Urorn Taraum pan alt. 1911. B.F. 

7). HkfaitaDSaltWo(ki,UarlnaClt7,l£kii. Bittern rrran graiiur, ineki' >rap(«BUoii. isil. A. R. 

74.'UDlk>rBaltCo.,IMTolt,yicli. Blttem.lOloSfdayg'aTapcntloa. 1911. R.r. aardiuii,aiua7rt. 

Table XXVI. — Comporition of bitUrru from art^fieial brina of MiAigan, Wat Shore. 

{Puts per 1,000.] 
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e. Pvtoi Bilt & Lumber to.. East lAke, Ui 
1. A. R. lien, ainl]W. 

7. BiidM*;, DoDgliB Lomber Co.,IlaiilBtw, 

8. aaD^Utteni,17dayii'eTaponttai. 1911. B. F. Ovdner, analyst. 
- . .... ._* — !__,.. ■'((miji^^ Kidi, Bittern (rom gralmr, 3 weeks' evapcrattai. 



Bittern from gralner, 4 weeks' eraparatlon. 1911. 
1. A.It. 



M Salt A Lonber Co., Lndlnitn, Hkfa. Btttmi trm grabur. 1 
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ANALYTICAL BEBULTB. 



T*BiB XXVII. — Compogition of bitUrmfiom artijieial brinM jVom Catwda and Ohio. 
IFarU per 1,000.] 
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Canada. Blttani; E weeks' eT^nratlon. UIL R. F. 

SI. ColoDlBi Sslt Co.. AbTDD, OMo. Blttem from gralnen SI moDtlu' enparatlan. 1U1. B. F. Oard- 

si. Uniui Salt Co., Cleveland, Ohio. Blttem from gialiwr: S dars' evaporaUon. ISII. A. R. Ifen. 

S. OMo Salt Co., Wadsvortb, Ohio, Blttam: 3S days' evsporatton. 1911. A. E. Una, ualnt 

U. Ohio Salt Co.. Wutoworth, Ohio. Bittern, rram vacoDiu pan at boot. Ull. A. R. Hen and R. 

r. Qvdaer, aoalysta. 

Taslb XXVIII. — Cirmpotitwn of bitterM from artifieial briiui of Kantat. 
(Farta per 1,000.] 
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11 
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IE Salt Co., SterUng, Kans. bittani from (lafnei^ after 30 da^s' ev^toratloD. IDIL R. F. 

Anthony. E^ans. Bittern from trainer; after 8 days' sraporatlon. 1811. R, F. 
uuaner, aiuuyn. 

Ut. Ellsworth Bait Co^Elbworth, Kana. Blttnn from gralner. lOll. J. A, CuUen, analyst. 

1411. Barton Salt Co„ HulchlnMo, Kaua. Blttem mm fitm alter M daja' •npotMliM. Ull. I. 
A. Collai, enalyrt. 
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64 FOIASSIUH SALTS IK SALINES OF THE UNITED STATES. 

ANALTTICAI. IIESUI.TS WITH BITTEIlNa FROIC NATUBAI. BBZHX8. 
Table XXDC. — CompotUion of bittemt Jrom natural brata of JUtcAi^an. 

IP«IB par 1,000.] ' 



Constituent, 


Nmnber of ample. 


BS 


SB 


m 


01 


03 


K 


M 


OS 


0« 


97 


■«"i 


40.6 
11.6 


5: 

Tnoe. 


!02,2 
3.3 

J:! 

90, S 


;s.i 

31,8 

iw's 

193; 


0.3 

■a 

43.) 
3.i 


42!l 

193. a 

437! S 
Tree*. 

lO.S 


3DG.t 

2.3 


is: 4 

43.0 

.4 

CaHC'Oi 

Nooi.* 


Tnc«. 

M7.3 

ti," 

TrwB. 




























Conrantioiul coro- 


197.S 
15. i 








g^ 


fi.O 








■• 


Tim. 


1.1 


2.0 


Voo*. 


Nam. 


d! 












10.1 


0.E 


S.1 


(■^ 


I-.:.- 



























iiBiiuu. mil. A.K.Uen.malTSt. 
5 days' cvBporatlDi]. loll. R. F. 

00. Edward OcrmalQ, B^iiuw, Micb. Bltlsm Irain miner; 14 dsfs' evsporktlon. lOU. B. F. OmrO- 

"' " — "-on, Eddr, Parker Co., Bttlamr, Mich. Bittern Irom (ra'"'''^ * <l>y>' ev^wratlon. 1911. 

Oiem Co.), Buiuaw. Uieta. Botld ealdcni chloride. tt«- 

._. . and EtTDntlum. 1011. R. F. Oardaer, analyat. 

Piale Glass Co.), Bagiiiaw. MIeta. Bittern, vMdi hi 
I. befcre the final M ' ■ " 



93. Sagbiaw Cliemlcal Works ISagl: 
eTUmrated to B.fi per cent ot tba volna 

"~ '-m clOoride. Sample vis 

ner rent potaralTunuor 2.3 pel , . 

•I Co.. Hoont Fleaaaut, Uich. Bittern alter removal ol 



orlginid brine, before the final eraporalioD 
taken while hot On eooline, a crystalline -'"-' ~ 



•■ Bittern 

LUieh. Solid ca 



, rbltii 

R. F. Qardner, uuJyjt. 
— ... ^ '-lied with 



05. Van BcOiaaek Caldum Wuki, Uonnt Pi 
1011. R. F. Oaiclaei, analyit. 

06. Baelnaw Bait Co., St. Cbadcs, Uich. Bittern; 4 days' evsporation. 1011. K. F. Oardner, aDal^it. 

07. P(Vt Huron Salt Co., Port Botod, Ulch. Blttem Irom (Talner; 2 weeks' evqioratioD. 1911, R. F. 
Oardner, analjitt. 

Table XXX, — Competition of mother liqittrnfrom natural hrinet of Michigan and Ohio. 

IParM per 1,000.] 



Constituent. 


TS 


74 


170 


lis 


9S 


M 


fia 


■"°i 


433.3 

IS. 6 
Noni. 


Trace. 
32j:fl 

231. S 

41 


S.4 

J. 

sois 

330.0 

41 


1.8 

aeeie 


42! 3 

8.7 


»1 

Non^. 






















































*■' 


7.3 


[ 33.0 






( ,., 





71. Saginaw Plata Olue Co., Seginaw, Mich. Blttem from f!T 

Gardner, ualytl. 
T4. ^Inaw Plate aian Co., Saginaw, Ulch. Blttem. 33)* B. IBIO. R. F. Gardner, 
170: W. J. Umod, ^idnaw, UhS, 1010, R. F. ODrdner, analyst. 
UB. Oldo Salt Co., Wadsworth, Ohio. Bltt«m Irom vacuum pan at boot loll I* 
M. FomeroT Bait Aaodattan, Pomeroy, Obio. Btttetn beCnte going to 

Urn and B. F. OardDK, uatyaU. 
M. Emaka Caldiim Worib, Pomn>y, Ohio. Calehim (Ailotlde. Beeulb 




^yl^iOOJ^IC 



ANALTXIOAL BBSULTS. 



Tablk XXXI.— Cbmpontunt o/bitUntfitnn natunl brina qf Wat Vtrgmia. 
[rva par 1,000.1 





NambNolMiiipto. 


IN 


Ml 


m 


IDS 


IM 


Uk 


19t 


uai 




its'-i 
Nooa. 


3.7 

■si 
11 

i\ 


TnoiL 

S.T 


143:4 

41.4 
34>.4 

•:! 

»™.o 

It3.S 
I 


li 
is 

(J 


H.4 

SIS. 4 

mis 

'"7. 


4S.4 

Tnme. 

J:! 

130.0 

Ncoa. 

Tnoa. 




























"sr* 






















.s 


Al 


i!-! 










Ti^ie. 















, 1)10. R. P. Gardntr, analrst. 

todnf lo biomlM null. lUi. A. B. Iftnaad 

Co., HutllKd, W. Va. BoUd oMam ohlcdda. lUnilta In par oat. UlL 



m. Hartftird OtT Bi 
R. r. Oardnar, analnt. 

US. LlTeipocit8alt«Co»lCa.,Hwtftrd,W.Va. BIHani baton 1 
Men and B. F. aardM, analr-'- 

104. Uvvipool cut A Cofd 1 

lik. J. o. DicUnaon & Co., Ualden, Kanawha CaiiBtr, W. Va. Bitlam nprauatlag 10 pci caot < 
Iml brtne, 1010. B. F. OarAur, aoalrst. 
lae. HaitlOrdCitraaKCa. HarUi^W.Va. Bltlamjartb((nB(olB(tat)rDmliieiduit. ml. 

Oardner. aiutlyit. 

13%. J. O. DiAHum 4 Co., 
Qilloi, anaJyat. 



., BaiUi»], W. Vft. BoUd caUom eUorfd*. fi«iiilt«lnp«r«ai 



mablotlda. Beaulti In per not UHl. I.A 





KnmtMrofaaiiipk. 




lOB 


10U 


10« 


lOT 


101 


U» 


110 


111 


111 


lis 


law 


4!. 

1.13 

"1 


97.3 


La 

Traoa. 


3 


Tiaoa. 

1:1 

Tra<ii. 
Tnoa. 


97.4 


0.1 
31.0 


Tnci. 

^. 

00.0 

.1 

2- 


Tn«. 
3S.4 














































1.U 


ii 


.7 


LI 


i.a 


i.i 











J. A. Cdllao, aiutlrM. 



K San Co., HaUM, nsai Cajlnrltbi, il. Y. RookAlt 



It do., HaSu 



CaHte, naar CnjlafymB, f 



stratom beinE ramovad. 1011. K. F. Qudner, aoalr 
108. CmtaiaBltCo.,KaQopoHa.r— '"" " ^ 
110. Eojaia ^ "^ 



nia4. Bcdbalnc 

ost tma beneath main cnuhara. 

worUnt taos, wwt ilda of room 
of itntnm workad. 1911. R. F. 

>t wvUiic tux. S^raaeDtaaTa ■( 



_L. B«vIb Rock Bait ' 
IIZ. Bern Rock Salt 
113. Jt-vtrj Rock Bait 
61967°— BuU. 



KaDOpoUa, Eans. 1011. R. F. Oardnar 
. Co., Ljoni, Kans, Sampla bom lO-foot 
Co., L*ms, Kam. Ftoa aA anaaoad tr 
tCa.,ATV7Uand,L». UU. R. F. O 



Oardoer, analjit. 



I. F. Oardaar, aDalyit 
il. R. F. QanlDai, analjiL 



_,oogic 



66 POTASSIUM SALTS IN SALINE OF THE UNITED STATES. 

Tablk XXXIII. — OoMpotition of mucdUmtmu luittancuobtamtdinthtmani^factutt 
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THE SSPAAATION OT POTABSnilE 8AXTS FBOIC SOLUTIOVS OT 
OIHBXl BAX/rS. 

Ad examinatioD of the foregoing tables of analyticRl results bring 
out the following gena?al facts: 

ABTIFIGUI. BBnnes. 

The so-called artificial brines are solutiona containing tiie ions of 
the metals, sodium, magneeium, calcium, and potassium and of 
hydrochloric and sulphuric acid. Combining these in accordance 
with the conventional method, the solutions may be said to contain 
a lai^ amount of sodium chloride, with smaller amounts of mag- 
nesium and calcium chlorides; in addition there are to be found still 
smallOT quantities of calcium sulphate and potassium chloride. 
While otl^ substances are present, these are the ones which have to 
be taken into consideration in a discussion of the separation of the 
potassium salts. Upon the initial evaporation of the solution, 
sodium chloride and calcium sulphate are the only salts which are 
precipitated. Portions of ihe others, of course, are to be found in 
the crystallized product, being present through occlusion and adsorp- 
tion. During the crystallization, the solution remains saturated 
with respect only to sodium chloride and calcium sulphate. It is 
doubtful if the saturation point of calcium and magneeium chlorides 
is even remotely approached. Except that which is removed through 
occlusion and adsorption, both of these substances and potassium 
chloride remain in solution and become more concentrated. In the 
separation of potassium salts, then, from an artificial brine, one has 
to deal with the mother liquor from the sodium chloride crystalliza- 
tion, which is a saturated solution of sodium chloride, contaminated 
with calcium and magneeium chlorides and some potassium chloride. 
In genera], one has to deal with solutions of chlorides only, though 
there are certain artificial brines which contain sulphates. In this 
connection it should be pointed out that the simultaneous occurrence 
of both calcium and sulphate ions in a solution is limited to the solu- 
bility of calcium sulphate in that solution. Solutions containing 
large amounts of sulphates, then, are found to be low in calcium and 
those containing considerable cidcium are low in sulphates. 

NATUBAL BBINE8. 

An important difference between the natural and artificial brines 
is that the former are richer in calcium and magnesium salts. In 
general the artificial brines are purer solutions of sodium salts than 
are the natural brines. This is to be expected when we considOT tiieir 
respective origins. 

Natural brines containing laige proportions of calcium are rela- 
tively free from sulphates. The mother liquor from the crystalliza- 
tion of sodium chloride is a satorated solntim of sodnim chlcffide. 
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rich in c&Ichun. and magneeium chlorides and containiiig also bromides, 
coDTentionally regarded as magnesium bromide, and potassium chlo- 
ride. This composition ia but slightly altered by the treatment for 
the recovery of bromine. Occasionally, however, it has been observed 
that the brines which have been treated for the recovery of bromine, 
after the neutralization of the sulphuric acid, give an alkaUne reac- 
tion. This is doubtless due to the fact that an exceee of lime has 
been employed over that requisite for the neutralization of the 
sulphuric acid. 

t BBINSa FBOU "salt OABDBNB." 

The analysis of sea water shows that its composition resembles 
artificial rather than natural brines. However, a striking difference 
is found in the sulphate content. Since sea wat^ contains a Con- 
siderable proportion of sulphate it follows that it must be compara^ 
tively free from calcium salts. 

The mother liquor remaining after the crystallization of sodium 
chloride again ia a saturated solution of sodium chloride, containing 
magnesium chloride and sulphate in large amounts, together with 
lesser amounts of potassium chloride and some bromide and calcium 
sulphate. 

HOTSBB LIQUOBS. 

Hie septffation of potash from mother liquors obtained from tiiese 
tiiree sources represents, therefore, three problems. At least two of 
these are quite distinct: (1) The separation of potash from a solution 
containing only chlorides, and (2) from one containing both chlorides 
and sulphates; or (1) the separation of potassium salts from a 
solution containing sodium, magnesium, and calcium, and (2) from 
one conteining principally the metals sodium and magnesium. 

The recovery of pota^ from brines and bitterns is a problem of 
the crystallization of potassium salts from solutions containing other 
salts; or the crystallization of other salts from solutions containing 
potassium salts, the latter segregating in the mother hquors. The 
conditions controlling such separations, for the most part, have 
already been determined throu^ the application of the phase rule. 
These will be given, in abstract, in the following paragraphs: 

THE STSTEU: SODIUM CHLOAIDE, FOTABSIUU CHLOBIDB, AND WATER. 

At 25° C, 1,000 gram molecular weights (mols) of water will 
dissolve 44 mols of potassium chloride. From this solution potassium 
chlorides crystallizes on evaporation; in contact with it, potassiiun 
chloride is in equilibrium ; there wiU be neither solution nor crystal- 
lization. The solution in equilibrium with the solid phase is Imown 
as the "constant solution." 
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At tiiis temperature an equal Tolume of water will dissolve 55.5 
mols of sodium chloride, and analogous statements may be made 
concerning the equilibrium between sodium chloride and this solution. 

At this temperature an equal volume of water saturated with 
respect to both sodium and potassium c}iloride, one with which both 
of these salts are in equilibrium, contains 44.5 mols sodium chloride 
and 19.5 mols potassium chloride. On the addition of the sodium 
chloride to the saturated solution of potassium chloride the solubility 
of the latter will be depressed from 44 mols to 19.5, and by the addi- 
tion of potassdum chloride to the saturated solution of sodium diloride 
the solubility of the latter will be depressed from 55.5 mola to 44.5 
mols. In other words, there is a mutual depression of the solubiHty 
of the two salts. Such a solution of the two salts on evaporation will 
deposit a mixture of the two, without change in the concentration of 
the liquid phase, so long as both are present, and obviously ^o separa-. 
tdon can be effected by an evaporation. 

From a solution containing a larger proportion of sodium chloride 
than that mentioned in the case just cited, on evaporation sodium 
chloride wiU crystallize and will be the first solid to separate. This 
will continue imtil the content of that salt has decreased and that of 
potassium chloride has increased to the values mentioned. Similar 
statements can be made for the case where potassium chloride is in 
the larger proportion. From this it must be concluded that at this 
temperature (a) sodium and potassium chlorides con not be sepa- 
rated by crystallization beyond the point represented by this equilib- 
rium; (6) from a solution containing an excess of sodium chloride 
over that amount existing at the equilibrium point, potassium chlo- 
ride alone can not be precipitated; (c) from a solution containing 
potassiiun chloride in excess, that salt may. be obtained by crystal- 
lization (evaporation) until the equilibrium point is reached. 

These statements are true for the temperature of 25° C. The solu- 
bility of sodium chloride in water is but slightly affected by changes 
in temperature. At 0° C, 100 parts of water dissolve 35,7 parts of 
sodium chlorid, and at 109.7° C, 40.4 parts of sodium chloride. The 
solubihty of potassium chloride is more affected — from the solubihty 
of 28.5 parts of potassium chloride in 100 parts of water at 0° C. to 
58.5 parts at 107.65° C. 

It is improbable that any point is reached below the boiling point 
where a very much closer separation of these two salts can be effected 
by crystallization. The statements made for 25° C. may be con- 
sidered to apply in a general way for temperatures below ihe boiling 
point of the solution. 

Since the temperature coefficient of solubility of potassium chloride 
is greater than Uiat of sodium chloride, it should be possible to effect 
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8 partial separation by ckUling a solution satnrated with both at or 
near its boiling point. On chilling, both would precipitate, but the 
potassium diloride in preponderating amount. 

Application. — Only sodium and potassium (dilorides are present. 
The conditions here defined are probably never realized experimen- 
tally, but are more or less remotely approached in the case of the 
mother liquors produced in those salt refineries where it is the prao~ 
tice to subject the brines coming from the wells to a preliminary 
treatment for the removal of both caldum and magnesium salts. 
This is done, as has been pointed out, by adding to the brines milk of 
lime, soda ash, and sodium phosphate, in the order named. However, 
it has been said, if the impurities whose removal is sought are not 
entirely eliminated, the effect of this treatment on the compositioQ 
of the mother liquor is ultimately nullified by the fact that the special 
initial purification of the brine makes possible a more extended 
condensation or evaporation, so that the final result is a much smaller 
volume of mother Uquor of the same effective composition as that 
obtained by the evaporation of the unpurified brines. In practice, 
the result of the careful purification of the brine is to obviate the 
necessity of iiirowing away mother liquors at all; they are allowed 
to mini^e with the incoming fresh portions of brine. Should potas- 
sium chloride be found in such a brine, the point ultimately would be 
reached where it would b^in to separate with the sodium chloride. 
The conditions govemii^; their crystallization are those just considered 
in the tiieoretical discussion of the system, sodium chloride, potassium 
chloride, and water. In such a solution the potassium salts segr^ate, 
with the exception of that lost through the imperfect separation of 
the mother hquor from the crystallized sodium chloride, imtil it has 
reached a concentration of 19.5 mols per 1,000 of water, at 25° C, or 
of 37 mols per 1,000 mols water at 83" C* No further segregation of 
potassium salts is possible, nor is a further separation of the two salts 
by a single crystiUlization possible. Either evaporation to dryness 
to produce a "manure salt" or the application of some specially 
designed method of separation would have to be employed. 

THE STSTBH: sodium SUIFHATB, POTASSIUll SUIfHATE, AND WATEE. 

Sodium chloride, we have seen, has but a slight temperature 
coeffiment of solubility. At 0° C. its solubility in 100 parts of 
water is 37.5 parts, and at 109.7° it is 40.4 parts, a difference of only 
4.7 parts. Potassium chloride has a solubility at 0° C. of 28.5 
parts, and at 107.66° C, 58.5 parts, a range of 30 parts. In sulphate 
solution, the solubility coefficients are changed; that of the sodium 
salt is increased and of the potassium salt decreased. At 0° C, 

tCf. TaUaXXXVn. > CI. Tabla XXXVm. 
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100 parts of water dissolTed 8.5 parts of potassium sulphate and 
at 102.26°, 26.75 ports, representing a range of solubility of 18.25 
parts. At 0" C, 100 parts of water dissolve 4.8 parts of sodium 
sulphate, and at 103.5°, 42.2, a range of 37.6 parts, from which it 
is seen that the solubility of sodium sulphate varies with tempei^ 
ature much more than does the sodium chloride or the potassium 
sulphate; and at 0" C. sodium sulphate is less soluble than potassium 
sulphate, while at or near the boiling point of the solution it is much 
more soluble. 

From a solution of sodium sulphate alone may be precipitated at 
temperatures below 34°C. the decahydrate, Glaubers salt (Na^O,, 
10H,O) and above that temperature, anhydrous - sodium sulphate 
(NajSO^). From a solution of potassium sulphate the anhydrous 
salt is deposited over the entire range of tempei-atures between the 
freezing point and the boiling point of the solution. 

Included in Table XXXIV are the data for the invariant points 
of the system — sodium sulphate (NajSOt), potassium sulphate 
(KjSOJ, and water, as determined at 25° C. by MeyerhofFer and 
Saunders.* 



Tablb XXXIV 


-EguiHbria bttwen lodium Monde, potoutum dJoride, 
p&ite, potowium nUphaU, md water at ta'C. 


Mdium tuJ- 




StUdt. 


Uolaper 


1,000 m 


olsH^. 




i 


1 


1 


i 


i 








U.5 
















« 
















tS.i 


■ b" 






















S" 


"a" 












"is" 


lo' 








































2S 
IS 


"ii'S 
















ijs&'^r""- 































From this table it is seen what solids are deposited at the invariant 
points and likewise the compositions of the solutions in equilibrium 
therewith. These data are plotted in figure 1. Two invariant 
points are possible and are indicated in the figure by H and I. 

Solutiooa of nonvolatile substances upon evaporation invariaUy 
tend to become more concentrated with respect to the total number 
of molecules present. The more concentrated a solution is the 
lower is its vi^r tension. Ev^oration thai results in a solution 
of the lowest possiUe vapor tension. Ttaa solution is the final 

1 Zt pkT*- Ctma. U, ta (IMS). . 
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" constant solution. " By observing the vapor tension, or the 
concentrations in molecules of the various constant solutions possible 
in a system, it is a simple matter to determine the path, so to speak, 
which the successive concentrations obtainable on evaporation 
will describe ("Ejistallisationswege"). This will lie along the curves 
of equilibria, will pass toward the invariant points of decreasing 
vapor tensions (increasing concentration),* and will end at the 
invarient point of the least vapor tension (greatest concentration). 
From the system, sodium sulphate, potassium sulphate, and 
water, the initial solid to separate on evaporation may be one of 
three — sodium sulphate decahydrate, NajSOj.lOHjO (or, at higher 
temperatures, the ' anhydrous form) potassium sulphate, K^SO,, and 
g^azerite or Penny's double salt, K,Na (SO,),, depending on the 
relative concentrations 
'*"*^'* of the two saline compo- 

nents. If the concen- 
trations are such that 
sodium sulphate precipi- 
tates first, it will continue 
to separate as a soUd until 
a concentration is reached 
represented by the point 
H (fig. 1), when glazerite 
, appears as a solid and 
sodium sulphate and gla^ 
zerite will continue to 
separate until complete 

no. l.—I>[ngram showing the eqnlUbria Id tbesralsiniSodliim desiccatioU 13 attained. 

^"^i^"™ '^""^' ""^ *'^'^^' '*^'™' '°'" This point represents a 
higherconcentration than 
does I, the only other invariant point possible in this system. 

If, however, the original concentration is such that potassium 
sulphate is the first solid to appear, then, as desiccation proceeds, 
this salt will form until a concentration is reached represented by 
a point I. On further desiccation no more potassium sulphate 
is formed, but glazerite alone precipitates until the concentration 
represented by H is attained, at 'which, as stated above, sodium 
sulphate decahydrate and glazeHte will both separate, without 
chaise in the concentration of the solution, until complete desiccation 
is attained. 

These statements apply at 25° C. and lower temperatures. At 
higher temperatures practicaUy the same relations obtain, except 
that the decahydrate disappears above 34°C. and the anhydrous 
sodium sulphate is the stable form. 
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Applicaiion. — It 'follows from the for^;omg that a complete 
SQpara,tioa of potassium from sodium wh^ the two are in solution 
as sulphate can not b« effected bj crystallization alone. Since 
sodium would always be present in excess over potassium, the 
field desmbed would be approached from the sodium sulphate 
r^on. The only products of the evaporation, then, would be 
sodium sulphate, followed by a mixture of sodium sulphate and 
glazerite. 

THE STSTBU: SODIUU CHLORIDE, FOTASSIUU CHLOBIDE, SODIDM 
SULPHATE, POTASSIUU SULPHATE, AND WATEB. 

The invariant points for this system are likewise given in Table 
XXXV"; the numbers refer to figure 1. Glazerite is the solid 
which occurs over the greater part of the range covered by the 
data plotted in this diagram. It may occur singly with any one 
of the other soUds possible, and at the triple points is always one 
of the solids present. If a solution saturated with respect to aoy 
of the saline components is evaporated, a , concentration is soon 
reached at which glazerite also separates. Its separation continues 
to the point of complete desiccation. 

Below 4.4° the line terminating at M swings to the ri^t so that 
the decahydrate and potassium chloride fields become concurrent . 
along the line ON. At concentrations represented by points along 
this line the decahydrate and potassium chloride will crystallize 
tc^ether. At 4^.4, and above that point, M swings back to the left 
and the glazerite' field again becomes interposed. 

Application. — The field over which these solids are precipitable 
would be approached, in practice, from the sodium side, since sodium 
in aJl commercial brines and concentrates therefrom is in excess over 
potassium. The path of concentration would probably have its 
origin in the sodium sulphate decahydrate field (this field represent- 
ing lower concentrations than the tuihydrous sodium sulphate field) 
and would mei^e with the line HL, along which sodium sulphate 
decahydrate and glazerite would be in equilihriimi with the solution. 
Following this line in the direction of decreasing vapor tension, or 
increasing concentration, the path would reach the triple point L, 
where the three solids, the two sodium sulphates and glazerite would 
precipitate. On further evaporation the anhydrous form of sodium 
sulphate and glazerite would precipitate over a range in concentra- 
tions represented by the line IiM sjid limited by M. At this point 
the three solids, sodium sulphate, glazerite, and sodium chloride, are 
the solid phases. The diagram shows that there is no point where the 
vapor tension is lower; further evaporation, therefore, would result 
in the continued precipitation of these solids until complete desicca- 
tion had been attained. 
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If it be assumed that the solution is saturated with sodium chloride, 
it is evideut from the diagram that the point M is reached along thd 
line FM, with the simultaneous depositing of sodium chloride and 
anhydrous sulphate until glazerite commences to separate also. 

Potassium salts, then, can not be segregated in such a solution 
beyond a concentration of 10 mols potassium sulphate per 1,000 mols 
water, its concentration at the points M and L. At these concen- 
trations its precipitation as glazerite begins and is continuous to the 
end of the eTaporation. 

TBB STSTBH: sodium OHLOBIDE, FOTA8SIU1I OHLOBIDE, 80DIUU 8UL- 
^lATB, POTA8SIUU 81JIJ>HATB, UAGNESIUU OHLOBIDE, HAGNB8IUU 
SULPHATE, AKD WATER. 

The equilibria, or constant solutions, for the system containing the 
magnesium ion in addition to those components assumed to be present 
in Uie foregoing case considered, have been determined by yan't HofF 
and his coworkers.* These pointe are given in Table XXXV. The 
solid phases are named, and the compositions in mols of the compo- 
nents per thousand mols of solvent of the solution with which the 
solids are in equiUbrium is stated. These values were obtained at a 
temperature of 25° C. That these points of equilibrium are but 
sli^tfy displaced by change in temperature is shown by the values 
obtained for the same system, as given in Table XXXVI. T^ese 
values were obtained at 83° C. 

Table XXXV. — Equilibria betwetn lodium cAIorufe, poUntium Aloride, moffnuiwrn 
dthride, sodaim tulphaU, poUusium tulphatt, magnenwm lulphaU, and vxUtr id tS" 
C. SoiHum ehloruu prttent in exeeit. 
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Tavlk XXXlY.—EgwUUiria between WMfiuin cMoriib, potoMium Morvie, moffnmum 
dJoriik, todivm udphate, moffnetiwrn tvlphati, and viater at 83" C. Sodban Moriit 
ohBoyt pretent m excMi. 
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iSo..K^o;aH^. 

THdihfdiUe - 3lItCli.CaCai. UH|0. 

^ppZicofion. — This system is illustrated by the mother liquor 
reaulttng from the evaporation of sea water.. In addition to sodium 
and potassium chlorides the sulphates of thAse metals and chlorides 
and sulphates of magnesium are present. Calcium salts are likewise , 
present, in amounts limited by the solubility of calcium sulphate, 
and tend slightly to complicate the system still further; that is to 
say, the ratio, of calcium to sulphate ions is small. Likewise, the 
rarer metals, such as lithium sjid strontium, and the acid radicals, 
such as bromide, iodide, and borate, are present, but in amounts 
insufficient to affect the solubility of the other compounds or the 
physical properties of the solution. 

The data obtained from a study of this system (CaSO^ being absent) 
are given in Tables XXXV and XXXVI. One compound, potassium 
sulphate, has bean eliminated algebraically from consideration by 
expressing it in terms of certain other compounds, since it does not, 
in fact, sepf^ate on evaporating such brines. 

The vapor tensions of the various "constant solutions" have been 
determined at definite temperatures. By observing the vapor 
tensiona it is possible to determine the order in which the successive 
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solid phases will separate on evaporation. In the table below 
(Table XXXVII) are given the salts and groups of salts that are crys- 
tallized .from sea water on evaporation, arranged in the order of the 
vapor tensions of their constant solutions at 25° C, and hence in the 
order of the sequence of their precipitation at that temperature. It 
is to be understood that while these data obtain for 25° C, the evapora^ 
tion of the solution does not have to bo eflfected at that temperature; 
this may be accomplished at any dedred temperature, and the con- 
ditions described in 



f^yea 



(msSo/k^ 




Table XXXVII are aiv 
rived at when the tem- 
perature of the solu- 
tion is again brought to 
25° C. 

The system here is 
practically the same as 
that whose data are 
given in Tables XXXV 
and XXXVI, except 
that here the additional 
component, calciumsul- 
phate, is introduced. 
As in the foregoing 
tables, the mineralog- 
ical names of the solid 
phases are given, to- 
gether with the compo- 
sition of the solutions 
with which they are in 
equilibrium. 

The variouainvariant 
points may be looat.ed 
on the diagram (fig. 2). 
If we "place" on the 



Fio. 2.— Diagram showlne the eqntUlBiB la the srstam: Sodium '' 
cfabrlde, potaulam ddoride, magiiulDm chkdde, ndlam, Nl- diagram the point repre- 

idu.t^[»ta^umBQiphat.,me«n.tfamniph>te,<u>d»>ta. genting the Concentra- 
tion of ai^ solution under consideration, by moving in the direction 
of the points of lower vapor pressure it is possible to trace the path 
which the concentrations of the solution on evaporation will follow. 
Van't Hoff and his collaborators have shown that, on the evapora- 
tion of sea water, hydrated calcium sulphate (following calcium 
cfu'bonate) is the first solid to separate. This is followed, over a wide 
range, by the crystallization of sodium chloride, which, it is recalled, 
continues to separate with all the other solids. The next compound 
to ciystallize is magnesiimi sulphate, which ia followed by a nuxtuie 
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of magnesium sulphate (the heptahydrate, MgS04.7H,0) and kainite 
(MgS0,.KO.3HjO). This information enables one to det«miine the 
concentration of the solution undergoing OTaporation as that corre- 
sponding to some point on the line WX. The path of concentration 
must follow this line in the direction of the point of lower vapor 
tension. From Table XXXVII it is to be seen that the vapor pressure 
at the point X is lower than that at tiie point W, from which it is to 
be concluded that the path leads in the direction of X. At X, an 
invariaitt point, a third phase appears, magnesium hexahydrate 
(MgSO^.fiHjO), whjch, with sodium chloride, the heptahydrate of 
magnesium sulphate and kainite, comprises the solid phases. Beyond 
X the heptahydrate ceases to precipitate, and kainite and the hexa- 
hydrate ciystallize together, until & second invariant point, Y, is 
reached, beyond which kieserite (MgS04.H,0) precipitates instead 
of the hexahydrate. At E, a third invariant point, camallite 
(MgCl,.KC1.6^0) appears and, together with kainite, kieserite, and 
sodium chloride, comprises the solid phases. Beyond R kainite no 
loiter occurs, and kieserite and camallite precipitates together until 
the fourth invariant point, Z, is reached. There the final products 
of the evaporation — as is to be seen from Table XXXVH — kieserite^ 
camaUite, sodium chloride, and the magnesium chloride, bischofite 
(MgGl,.6H,0), are the solid phases. Tlie salts deposited then, from 
the sea water, or dmilar solutions, in the order of their ciyBtallizations 
are: gypsum, sodium chloride, and mixtures of sodium chloride with 
magnesium sulphate (MgSO^.THiO), with magnesium sulphate and 
kainite, with kainite and magnesium sulphate hexahydrate (MgSOt. 
6H,0), with kainite and kieserite, with kieserite and camaUite, and 
finally with kieserite, camallite, and bischofite. During these stages 
of the evaporation the vapor tension of the solution has fallen from 
some value above 12.2, the vapor tension of the invariant sdution 
at X, to 7.4, the vapor tension of the final solution at Z. 
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The sequence in which the solida are deposited at 83° C. is practi- 
cally the same as for the temperature' 25° C. 

Certain other solids are deposited over narrow ranges; these are of 
bat minor importance and for that reason their consideration is 
omitted from this discussion. 

llie compositioD and specific gravity (at 40° C.) of sea water and 
of the mother liquors from the sodium chloride and magnesium sul- 
phate precipitations are giTeo in the subjoined table.* The values 
were determined for unevaporated sea water and for the mother liquors 
at the point where the respective solids had just begun to precipitate. 
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THE STSTEH: SODItTH CHLOBroE, FOTASSICU OHLOEIDE, CALCIDM 
OHLOBIDE, UAQNE8IUH CHLORIDE, AND WATEK. 

The further complication of the system juat considered by the 
addition of the calcium ion is, practically speaking, impossible. 
Calcium and sulphate ions do not exist together in solution beyond 
a certain small concentration determined by the slight solubility of 
calcium sulphate. The solubility of calcium sulphate in aqueous 
solutions has been discussed by Cameron and Bell.' 

The addition of calcium ions, then, in effect changes the system 
to one in which the chloride ion is the only anion present. This is 
not strictly true, as some calcium sulphate will still be present, 
but in amounts insufficient to displace to any great extent the 
equilibria of the system. 

Some of the invariant points of the system, sodium chloride, 
potassium chloride, magnesium chloride, calcium chloride, and 
water, are given in Table XXXIX. 



Table XXXIX 
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From a consideration of the data in Table TTTyiT it becomes 
evident that there is no concentration within the limits d^ned at 
which potassium chloiide may be crystallized alone. It crystallizes 
together with calcium chloride and enters into combination with 
magnesium chloride to form camaUite, rather than segregating in 
the mother liquor. On the contrary, where the chlorides of calcium 
and magnesiimi u-e present in amounts exceeding that of the potas- 
sium chloride, the latter on evaporation would be largely etimmated 
from the solution in the manner mentioned. 

Apjilication — Such a system is typified by the mother liquors 
resulting from the evaporation of natural brines. Present are the 
chlorides of sodium, calcium, magnesium, and potassium. The 
ratio of calcium to sulphate ions is large.' In addition to these sub- 
stances are to be found also small amounts of bromides and, in rarer 
instances, strontium and other metals of the alkaline and alkaline 
earth groups. These are present in too small amoimts, generally, to 
aSect greatly the solubility of the other components or the physical 
properties of the solution. 

On the evaporation of such a bittern the first soUd to separate is 
sodium chloride. This salt continues to separate throughout the 
entire evaporation, but its solubility in a concentrated solution of 
calcium and magnesium chlorides is so low that the amounts in which 
it is eventually present become negligible. This system is radically 
different from sea^water bitterns, as sulphates are absent and cal- 
cium chloride is present in large amounts. None of the various solids 
which contain the sulphate radicals are here possible. The equihbr.a 
of the system are represented in figure 3, and the data for two tem- 
peratures are given in Table XXXIX. 

Several concentration paths are possible on evaporation, deprad- 
ing on the relative concentrations of the various oomponents. la 
practice, both calcium and magnesium would be in such excess over 
potassium that potassium chloride could not be the solid to separate 
following sodium chloride. The point J, the point of final desicca- 
tion for this system, would be approached from the calcium chloride, 
the bischofite or the tachhydrite field. Potassium chloride (sylvine) 
would not be deposited unless the concentration relative to that of 
calcium and magnesium chlorides exceeded that represented by the 
point K (9.5 mols potassium chloride: 142 mols calcium chloride; 
5 mols MgClj). With the amount of potassium chloride small and 
constant, the relative amounts of calcium and magnesium chlorides 
would determine whether the concentration path would have its 
origin in (a) the bischofite field or (6) the tachhydrite field or (c) the 
calcium chloride field. 

1 If the mother liquor has bean 
*cldia«d ba&ne dlatiUatloa baa bt 
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(a) If in the first, it would follow one of two cotlrsea, depending 
on the ratio between the potassium and calcium chlorides. It would 
merge with the line AF and would pass toward F, where tachhydrite 
would appear, and beyond which bischofite would disappear, would 
move thence toward I, where calcium chloride would appear and 
together with tachhydrite (and sodium chloride) would continue to 
deposit until J was reached; or, it would merge with the line DH, 
along which bischofite and camallite would crystaUize until H was 
reached, at which tachhydrite would appear as a soUd phase and, 
beyond which (toward J) bischofite would cease to come down. 
Camallite and tachhy- 
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with the simultaneous 
crystallization of cal- 
cium chloride and car- 
naUite, or with the line itT; calcium chloride would then be deposited 
until the concentration became such (as represented by I) that 
tachhydrite would likewise crystallize. Thence the two (with sodium 
chloride) would crystallize until J was reached. At J, the four 
soUds, sodium chloride, calcium chloride, tachhydrite, and camal- 
lite, would continue to precipitate until complete' desiccation was 
attained. 

In the cryst^lization of a solution containing chlorides of potas- 
siiun, calcium, and magnesium, carnallite is invariably present in the 
final mixture of salts. This compound, however, never separates 
alone from such a solution, but always with mixtiu'es and compounds 
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of calcium and im^^esium chlorides. Its deposition occurs orer a 
wide range, so that a high concentration or segregation of potasBium 
chloride in the solution is impossible. 

The concentration of the solution in potassium chloride (K^Cl,) 
at H is only 0.5 mol per 1,000 mois water, and at J only 2 to 0.5 
mob, depending on the temperature. The formation of a compound 
or a mixture of compounds rich in potassium chloride or the segre- 
gation of the potassium chloride in the mother liquors seems equally 
impracticable. 

As calcium and magnesium chlorides have a conmiercial ralue, 
due to their use in refrigeration and for dressing road surfaces, it is 
doubtless more profitable to carry the evaporation at once to dryness 
for the recovery of the soUd residue of calcium and magnesium 
chlorides. 



From the foregoing paragraphs it is seen what compounds of 
potassium of conmiercial and manurial value it is possible to obtain 
from saline mixtures by simple evaporation processes. In addition 
to these, numerous other processes, some of which are quite involved, 
have been devised for the sepm-ation of potassium salts from saline 
mixtures and the transformation of less valuable compounds of that 
element into the more valuable. The more important of the proc- 
esses, some of which are in actual operation, are given in outline 
below. 

FRBCIFITATION BT SULPHUBIC ACID. 

The treatment of mixtures of sodium and potassium chlorides 
with concentrated sulphuric acid for the separation of potassium 
compounds has been suggested so frequently that space is given its 
consideration here. In this brief discussion it is presumed (1) that 
the salts lu^ treated in concentrated solution; (2) that the solu- 
tion is saturated practically with respect to both the salts; and 
(3) that the lib^ated hydrochloric acid is removed from the solution. 
The system, then, is made up of the compounds, sodium sulphate, 
potassium sulphate, and water. The products of crystallization from 
such a solution have been discussed in a foregoing paragraph. It 
will be recalled that a deposition of sodium sulphate from such a 
solution is followed by that of glazerite (K,S04.3Na,S04) and that 
the two continue to separate together imtil complete desiccation has 
been attained. No separation, therefore, is tlworetically possible. 
This conclusion is based on the furthOT assumption that sulphuric 
acid is added in an amount sufficient to form the normal salUs of 
ei887'— BuU. 64—13 « 
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sodium and potassium. The addition of acid in excess over that 
amount would introduce a new compound, sulphuric add, and would 
displace the invariant points. 

I^ECIFrTATION BT SODIDM SUIiPHATE. 

The addition of a sulphate in various amounts to the solution of 
the chlorides of sodium and potassium has been su^ested as a 
method of separation of the potassium salts. Such a procedure 
would result in a solution representing a system contidning both 
chlorides and sulphates of sodium and potassium. The invariant 
points of this system are given in Table XXXIV, from which data it is 
evident that potassium salts alone can not be precipitated or left in 
solution. Glazerite, over a wide range, is invariably a solid phase. 

PEBPAEATION OF POTASSIUM SALTS FBOH OABNAIXITB. 

Potassium chloride can be separated from the double chloride of 
potassium and magnesium, camalUte (KCl.MgCl,.6H,0). Water 
acts upon this compound, dissolving from it relatively more of the 
soluble constituent, magnesium chloride, and precipitating potas- 
sium chloride, usually in finely crystalline form. This action, at 25°, 
continues until the concentration of the solution reaches 72.7 mols 
magnesium chloride and 11.6 mols potassium chloride to 1,000 mols 
water, or on the percentage basis, 26.8 per cent magnesium chloride 
and 3.3 per cent potassium chloride. In contact with this solution 
camaJlite is a stable phase; 1. e., it is not further acted upon by the 
solution. The reaction may be expressed by the equation: 

Ka, MgCl,.6H,0 + 7.8HjO =MgCi, + 0.16KCl-l- 13.8H,O-l-0.84KCa' 

OunalUtfl. SdntlaiL fUld. 

From the equation it is evident that if just sufficient water is added 
to the camallite to decompose it completely, 84 per cent of the potas- 
sium chloride present therein is recovered in the solid form. If the 
operation be carried out at higher temperatures, the equilibrium 
point is displaced. More potassium chloride goes into solution which, 
of course, is reprecipitated on cooling. On the further concentration 
of the solution by evaporation it is obvious that camalUte will be 
precipitated. Finally, camallite and magnesium chloride will pre- 
cipitate to complete desiccation. At the point where the precipita- 
tion of magnesium begins the solution has a potassium chloride 
content of 0.53 per cent.* 

In actual practice the process of extracting potassium chloride 
from camallite is much less simple than that described, as the caiv 
nallite obt^ed from the mines is far from pure. It contains about 
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24 per cent of rock salt, 14 per cent of kieeerite (MgSO^^O), and 3 
per cent of other impurities, mostly insoluble, leaving lees than 60 
per cent of camallite. The potassium chloride resulting from the 
impure camallite has to be further purified, not only from magnesium 
chloride but also from sodium chloride. These are removed by 
solution. From the impure mother liquor artificial camallite is pre- 
pared, from which potassium chloride is obtained by a repetition of 
the process.' 

From the systems represented by the bittern from sea water, the 
potassium chloride may be separated by eliminating from the sys- 
tems all the saline components except potassiam, sodium, and mag- 
nesium chlorides. This is accomplished by a suitable manipulation 
of concentrations and temperatures to bring about a deposition of 
the double chloride of potassiimi and magnesium, MgCl,.KC1.6H,0, 
camallite with, of course, sodium chloride. The process as devised 
by Ballard and modified by Merle * consists in evaporating sea water 
in the usual way until it has deposited about four-fifths of its sodium 
chloride content. Its specific gravity at this point is about 1,24. 
The bittern is diluted with one-tenth its volume of water and is 
cooled to 0° F., whereupon sodium sulphate deposits. The mother 
liquor from this crystallization is further evaporated by boiling to a 
density of 1.331, at which a lai^ part of the remaining sodium 
chloride crystallizes out. On cooling, "the whole of the potash in 
the form of the double chloride of magnesium and potassium" is 
precipitated. Potassium chloride is then recovered from the camal- 
lite in the mamier described in a previous paragraph.* 

The solution resulting from the treatment of camallite, containing 
all the magnesium and about one-fourth of the potassium, is added 
to a fresh portion of bittern undergoing treatment. 

Meyerhoffer * describes a unique method for obtaining potassium 
chloride from camallite in accordance with which the camallite is 
heated to a temperature of 167°, whereupon three-fourths of the 
potassium chloride separates as such in the crystalline fomi, w hjU 
the magnesium chloride appears as a melt. The potassium chloride 
is removed from the magneamm chloride in any suitable manner. On 
cooling to 115° most of the remaining potassium chloride, which has 
remained in solution in the melt of magnesium chloride, separates in 
the form of camallite. The latter may be removed and again treated 
as described. The magnesium chloride remaining is of a fair degree 
of purity, 

■ «., >190 Ei>ni<lorfl, I>. S. P. UStt: Uajwhottar, "PiBllloatloii d Nibml Csnialllta" (Fmlon im^ 
ods), D. R. F. 9281% IMIDI. 
■ FTBm Elunanti of CbamhtrT, Pt. n, Inorganic Chun., uniBr: Id (d., WS, p. UG, tootnote. 
iCf., D. R. F. le2e«, to liiamt Sal» Flodilottas Ud Uooilutdt aMluutkai Co. (Ltd.), Lwdoo; 
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On the basis of ihe reaction taking place between potassium 
chloride and calcium and magnesium sulphates, whereby a double 
salt of potassium and calcium, K,S04.CaS0,.H,0, is formed, Hake * 
has devised a method for the preparation of potassium sulphate in 
which camallite is used as the source of the potassium chloride. 
ComalHte (containing 16 per cent ECl) is dissolved in water to a 
concentrated solution; to the resulting solution, hot or cold, a fine 
meal of kieserite and gypsum is added. The reaction ensuing is 
expressed by the equation (with water of crystallization omitted) : 

4 (KCLMgCl,) + MgSO. + CaSO. = K^^.CaSO^ +2KCI.MgCl, + 3MgCl, 

CanulUU. Elesuite. Oypsum. Double aidt. 

Potassium sulphate is recovered from the double salt of potassium 
and calcium sulphate by calcining and lixiTiating. Calcium sulphate 
remains as a solid residue.' 

FBEPAKATION OF " KALDCAONBaiA " OB rOTASeiUH-HAGNESIUU 
BCLFHATB. 

The preparation of a double salt, potassium-magnesium sulphate, 
KjSOj.MgSO^, known by the trade name of "kalimagnesia," is justi- 
fied where the raw material started with is the less desirable chloride 
of potassium, or double chloride, and where it ia desired to obtain a 
product richer in the element potassium than the raw material. The 
double sulphates of potassium and magnesium occurring in nature are : 

Schoenite K,S0,.MgSO«.6H,O. 

Leonit* K,S0,.MgS0,.4H,0. 

Langbeinite K^O,.2Mg80(. 

Of these, leonite is rarely worked commercially because of its un- 
usual and dispersed occurrence. Langbeinite at times is merely 
sorted mechanically to free it from the other minerals with which it 
occurs in nature. Chemically, its potassium content may be in- 
creased — its magnesium content may be decreased — by treating it 
with potaaaium chloride solution. One-fourth of the magnesium is 
thus removed and the double salt containing one molecule each of 
potassium and magnesium sulphate is obtained. The reaction may 
be represented by the equation: 

2(K^4.2MgSOJ -l-2KCl-3(K^SO<.MgSOJ +MgCl, 

The preparation of Jcalimagnesia from kainite (KCl.MgS0«.3H,0) 
is the more profitable, since in this operation the less valuable chloride 
is converted into the more valuable sulphate. The process is simply 
a recrystallization from water. If the temperature be not too high, 

1 D. B. F., 810S. 

'Cl.aito Fsriier, "PiBpaTBtlanior PnrePotasalum-UaeneilumBalptutsfrSDiCanBllltesiid Ekterile," 
n. E. P., SOW; Baoibacd], "UUUitttlon ol BriMa Canlotnbv PotaMhim Compoundi," D. B. P., lOSSt. 
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the double sulphate precipitates, while the ma^esium chloride re- 
mains in solution.' The reactions in the main proceeds as is indicated 
by the followii^ equation: 



A process in more common practice is one originated by Precht,' 
in accordance with which kainite is heated in a sieve drum to a 
temperature of 120° to 145°, under a steam pressure of 2 to 7 atmos- 
pheres, with magnesium chloride solution (or with hquors from previ- 
ous treatments) of proper concentration. A finely crystalline pre- 
cipitate of langbeinite results, which, by means of the sieve, is sepa- 
rated from the coarser impurities (such as rock salt, introduced with 
the crude kainite). The reaction is represented as'follows: 

3(KCl.MgSO,.3H,0) = K,S0«.2MgS0, + KCl + MgCl^ + 3H,0 

KildM. Langbeinite. 

From the mother liquor potassium chloride may be crystallized. The 
mother liquor resulting from the latter operation, containing prin- 
cipally magnesium chloride, is used for treating fresh portions of 
kainite. lite langbeinite may be converted into kalimagnesia in the 
manner mentioned. 

Kubierschky* has prepared langbeinite by boiling the highly 
concentrated liquors from scheonite with artificial camallite 
(MgCl,.KC1.6H,0). 

The preparation of kalimagneaia finds its most valuable application 
in the transformations of potassium compounds, entirely as chlorides, 
into the sulphate compounds. This action may be expressed by the 
general equation: 

2KC1 + 2MgS04( + nH,0) = KjSO^.MgSOj.eHjO + MgCl, + nH,0 
This transference is accomplished in practice by adding solid potas- 
sium chloride in requisite amount to a solution of magnesium sul- 
phate at 30° C. and of a density of 1.32. The mixture is stirred imtil 
the solution shows a content in chloride of 20 to 22 per cent. This 
composition indicates the point at which the transformation is com- 
plete. The resulting precipitate is artificial schdnite, K,SO<.MgSO«. 
6H,0. The magnesium sulphate solution employed is prepared from 
kieserite or " bittersait," MgS0j.7H,O. 

Potassium sulphate, the simple salt, may be produced by modi- 
fications of the process just described. Relatively laiger amounts of 
the potassium chloride are necessary, and it is essential that the 
solution be carefully maintained within certain limiting values of 

'CL,aleaV<»steruidanuieber^, "Ulilluitlonal Uotiuc-Uquore HesultlDf In the Pnpantlon ol SflhSa- 
Ite Irom Ealnlle," D. B. P., 3Sn2. 
>D. R. P., 10637; 1S421; 1MG0. 

' D. E. P., Kwma 
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temperature and conceutration. It has been found preferable to 
prepare schoenite as an intermediate compound and convert that 
into potassium sulphate by treating it with potassium chloride in 
the proportiooa of two mols of potassium chloride to one of the 
achoenite. The reaction takes place in accordance with the equation: 

K^.iigS0,.6H,0 + 2KCI = 2K^S0, + MgCl, + 6H,0 
Best results are obtained at a temperature of 60° to 70°. The 
progress of the reaction may be followed by observing, titrimetrically, 
the chloride content of the solution. At its completion the chlorine 
content should be from 18 to 20 per cent. If the temperature is 
allowed to fall below 55°, potassium chloride separates also,* Im- 
provements in the process are proposed by Borsche.' 

Fotsssium-m^nesitmi sulphate (K,S04.MgS04.6H,0) results, 
according to Ferber,* when purified camaUite is added to a solution of 
magnesiimi sulphate (kieserite) of a specific gravity of 1.198 at room 
temperature until its density reaches 1.270. 

For the preparation of potassium-magnesium sulphate and potas- 
sium chloride from kainite, Dupr^ * recommends the treatment of the 
latter with one-third to one-half the equivalent amount of sylvinite 
(or with an equivalent mixture of potassium and sodium chloride) 
in hot solution. The ensuing reaction is represented as follows: 

K^,.MgS0,.MgCU.6H,0) + Ka-K^O,.MgSO,.6H,0 + KCl + MgCl,* 

Etfnlte. DoDbl* nit, adid. 

SdiSnite may be prepared, according to a method by Dupr€ and 
Hake,* by treating kainite with a saturated solution of magnesium 
chloride at 20° to 25° C. One-third of the potassium of the kainite 
is carried into solution, the other two-thirds taking the form of 
schoenite. Schoenite may be prepared also from camallite and 
magnesium sulphate.' GrOnebei^ * prepares schdnite from camal- 
hte, and schoenite from kainite.* 

Pebpabation of PoTAssicnc Chloridb and oiBBK Potassium 

Salts. 

Junger >* obtains high-grade potassium chloride by treating crude 

potassium salts low in magnesium, such as sylvinite (potassium 

chloride and sodium chloride, a natural mixture) and "hartsalz" 

1 S« iUu » pfODOi b7 Qifliiab«ii (D. B. P. WW). 

<D. K. F. 317S; CL, alsa Nos. iOMl, lOTDl, UQIS, 13S7S, invS. 

<D. R. P.MBS. 

<D. R.F. G31ST. 

• e«« also process b; Barnhudt (D. R. P. UOSO) tar Oa ptipantlaQ ol potaasiiim-majpieslum sulphate 
Imm tabua omtalnlng poUsalDm imnpaiuidi. 

•D. B. P. soia, soil. 

>Ct. D. K. P. 174M, to ConaaUdbte AUodlmiU. 

•D. B. P. ewi. 

•D. a. P. lOTu, ime. 

• D. R. P.plOZOTS. 
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(eontainmg 20 to 25 per cent kieserit«, 55 per cent rock salt, and 2 to 
8 per cent anhydrite) with mother liquors obtained in certain stf^es 
of the operation. The solution is effected at boiling temperature. 
On being cooled below zero d^rees, potassium chloride precipitates.' 
Potassium sulphate may be prepared from potassium chloride and 
schoenite, K,S0«.MgS0j.6H,0, the latter in hot saturated solution, by 
means of the reaction represented by the equation: 

K^..MgSO,4-3KCl -2K,S0. + KCl.MgCl, 

Twice the amount of sch6uite required by theory must be used, as 
one-half remains in solution. The temperature should be main- 
tained above 40" C, «s below that temperature, KCl, schSnite and 
camaUite ciystallize in the order named.* 

Brunjes * has patented a process for the preparation of potassium 
sulphate ^m kieserite or kainite and potassium chloride, which 
depends on the use of alcohoUc solution. One equivalent of kainite 
is added to 1.5 to 2 equivalents potassium chloride or 1 equivalent 
of kainite to 1 equivalent potassium chloride; this is dissolved in 
the least possible amount of watei^-460 to 600 parts. To 1 part of 
alcohol (by volume) is added 0.26 to 0.5 part of the solution. This 
results in the precipitation of potassium sulphate. When the alcohol 
is distilled from the mother liquor, potassium chloride precipitates. 
On the furrier evaporation of the renmnii^ solution, pure camallite 
precipitates. 

In this connection a process by Wibel * may be mentioned in which 
amyl alcohol is used to dissolve calcium and magnesium chlorides 
from mixtures of sodium, potassium, calcium, and magnesium chlo- 
rides and m^nesium sulphate. 

Precht ' has devised a method for the preparation of potassium 
sulphate from potassium magnesium sulphate, whereby (I) the latter 
is heated with 12.2 per cent of carbon. Potassium sulphide and 
carbon result. Larger proportions of carbon yield the bisulphide. 
The reactions may be expressed : 

(I) K,SO<.MgS04 + 3C-K^+MgO + SO, + 2SO, + CO 
CO) K,SO..M^j + 4C--KA + MgO + 3CO, + CO 
Potassium sulphide is separated trom the magnesium by leaching, 
(n) Potassium sulphate results when potassium-magnesium sulphate 

>CI. alaa Uaons, "Kibsotlon of TotuOam CUoilde from Cmde FotaBlDID Slid," D. B. P., 1B6668 
(cr;itatlUatli>n method}; UaycrhoOei, "Extnctloa o[ PoUolam Chlorfda or Potaadum Bolptinte Cram 
Nitunl lUUBnls," itc, D. B. F. «eU4. 

D. R. F. 13MT<, (0 Bptytai it Co, , nlitM ta tha npuutkm of irlTtoa (mn naturallr occurrlnR mli- 
tuna of sylvliic, rock nit, indklranlM (known u hsrtsalt) and trom a ratxtoTB of ■; Ivinn and rock-sajt 
(known u i^Tinlts); Ujerhoflu (D. B. P. nmi); Cf. abora. 

<CI. alBD ammbarg, D. K. P. imii. S. lle;er, D. B. P. 18831, 

'D.R. P. 11, July, 1877. 

•D. B. F. IS2» 

•D.s.p.u;c 
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is treated with potassium sulphide, fonned as in (I). This is sccom- 
ptiehed in two ways: (a) By heating the double salt with dty potas- 
sium sulphide, whereupon a reaction ensues which may be repre- 
sented: 

4(K^0,.MgS0^ + K^ - 6K^0. + 4MgO +4S0, 
and (b) by heating an aqueous solution of the double salt with potas- 
sium sulphide. The reaction which takes place may be expressed as 
follows: 

K^O,.MgSO, +K^ +H,0 = 2K^,+MgO +H^ 

Or, potassium sulphate is obtained as the result of one reaction wheta 

the double salt is fused with a smaller amount of carbon — 1 to 3 

atoms, or 4 to 12 per cent — as indicated in the following equation: 

4 (K^<.MgSO«) + 4C = 3K^0« + K^ + 4MgO + 4S0, + 4C0, 

Precht * has described an apparatus to be used in the manufacture 
of potassium sulphate from potassium magnesium sulphate and 
potassium chloride. DuprS' employs ammonia in the separation of 
potassium sulphate from solutions containing other potassium salta 
and salts of other metals.* 

A patent * has been granted the Deutsche Solvay-Werke Aktien 
Gesellshaft covering a process for the preparation of potassium car- 
bonate from the double acid-potassium-niagnesium carbonate and 
magnesia: 

2 (MgC0^KHC0,4H,0) +MgO +H,0 - 2MgC0^3H,0 +MgCX), + 
4H,0+K,CO, 
and the S^bergwerke Neu-Stassfurt,' covering a process in which 
potassium carbonate is prepared in an analogous manner, the diflei^ 
ence being that potassium hydroxide is employed instead of magne- 
sium oxide.* 



In the search for deposits of potassium salts in the United States 
two sorts of deposits l^ve been considered, namely, continental and 
marine. 

The former, continental, are those which have resulted from the 
desiccation of inland seas or lakes; while the latter, marine, are the 
product of the evaporation of arms of. the ocean which have become 
isolated from the main body of the ocean through the formation of 
bar reefs. The latter would be analogous to the Staasfurt deposits. 

1 D. B. p., 1«SM. 
>D. E. P„«8«73. 

I cf. also Berahirdl, "l£uiipa]allon of Brlnea wUcb contain Fotaadom Componnda," D. R. P., 10,811 
Recorory td potaistam aalphsta from magneahuii nlpluta or adiaanltc and potasdom ohlorlda. 
' D. K. P., liBSSB. 

I D. B. P., mne. 

•Ct.a\aoQrtm, "Verbhran nuDantaUimgboab pronotlrD PoUaaoheiua Schkmpekohla" D.B. P. 
3Ioan; Baaer/'Verhliran inrHantaUiingbMititffaEantlgtrbiw.taohnlidiKlDerpottastiheBiuScbtaiiqw- 
koble"D. B. P.,l«lll». 
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CONTINENTAL. 

Among the saline deposits in the United States, llieoreticallj, are 
deposits of both kinds. These have been (or are being) subjected to 
scrutiny to discover if therein there may be potassium salts, as well 
as sodium. The research for continental deposits has been confined 
to those r^ons which, it is known, were once covered by inland 
seaa. Such lakes were of sufficiently recent occurrence for their 
marks to remain on the face of the countiy where they existed. For 
deposits of salt to have formed it is not sufficient that these areas 
were submei^ed by lakes; it is necessary that the lakes shall have 
disappeared through desiccation rather than through drainage. 

Continental deposits have been sought in the undrain'ed basins of 
the western part of the United States. . As the basins are unfilled 
by sedimentary or detrital material it was hoped that the saline resi- 
dues would be found on the floor of the basins. Such has been the 
case in some instances, while in others there are indications that 
sufficient detrital matter has been carried into the lowest depressions 
of the basins to cover any saline matter once deposited there. 

The undrained basins of the West may be classified as follows: 
(1) the Lahontan Basin; (2) the Lake Bonneville Basin; (3) the 
group of small basins found in southern and central California and 
southern Nevada; and (4) other basins of slight importance, such 
as the SaltoD Basin, formwly of great interest, but now resubmerred; 
the take basins of northeastern California and southeastern Or^on 
and arid basins of New Mexico and small basins bordering the arid 



The core of the basin in the northwestern and central part of 
Nevada, during the Quaternary period of greatest lake expansion, 
was a single great lake. Its history has been st^'died by Russell,' 
who gave it the name Lake Lahontan. The basin is nearly a unit, 
the divides now evident being low or discontinuous. The old lake 
at present is represented by a few remnants, such as t^e Pyramid, 
Winnemucca, and Walker Lakes and by a number of sinks, playas, 
and saline marshes. The salts now present on its stuf ace, in the form 
of crusts or brines, are certainly far less than the salts which one 
reasonably can assume to have been present in the laiger lake. Kus- 
sell accordingly has assumed that the saline material has been buried 
by alluvial coverings and subsequent investigation has upheld this 
conclusion. It is reasonably certain tliat the original saline con- 
stituents of the Lahontan Lake water underlie the floor of the present 
basin, either as crystalline deposits or as salt-imprc^ated strata of 
alluvial material. 



1 Uooogniih XI, U. S. Qeul. BarT«7. 
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The rocks of the baain and its draJDage area are largely igneous, 
though for the most part nonpotassic. Consequently it is to be 
concluded that the salts in the early lake were lai^ely sodium salts 
and alkaline in character. In the deposition of these salts it is 
impossible to say from an examination of surface conditions whether 
the potassium was crystallized at all or, if so, whether insegr^ated 
strata or as a crystalline mixture, or whether the mother liquor from 
the sodium salts deposition, containing the potassium salts, was or 
was not disseminated through the saline and alluvial strata. These 
questions can only be settled by boring, a work which the United 
States Oeological Survey is now undertaking. Already a boring sev- 
eral hundred feet deep has been sunk in the Humboldt Basin, a 
depression of ihe Lahontan, where the surface conditions indicate 
that the bottom of the basin may be reached. So far, only alluvial 
matterhas been encountered; and the water obtained from the boring, 
instead of being a brine, is surprisingly fresh, owing to the probable 
fact that the boring has reached the undei^round course of the Carson 
River. 



In northwestern Utah and extending txroaa the State borders 
into eastern Nevada is a somewhat smaller basin, recorded by Gilbert ' 
as Lake Bonneville. This basin is also a topographic unit and was 
once occupied by a great Quaternary lake. The last remnant of this 
lake is found in the present Great Salt Lake, of Utah. The Bonne- 
ville basin differs from the Lahontan in that it is set in Paleozoic 
sediments, instead of rocks of igneous origin. It is to be expected, 
therefore, that its salines are largely neutral salts rather than alkaline, 
consistii^ mainly of the chlorides and sulphates of sodium and mag- 
nesium. That such is actually the case is seen from the analysis of 
the water of Great Salt Lake (cf. Table II). 

It ia to be expected that potassium salts would have been present 
in Lake Booneville only in small amounts, and such seems to have 
been the case from the analysis of water from its remnant — the Great 
Salt Lake. It is possible that at some previous time the lake may 
have gone comj^etely to dryness when the saline accumulations of 
the preceding i^e were deposited, and that the salts of the present 
lake represent the accumulation of a more recent age. There is no 
evidence at hand, however, to substantiate such a supposition. 

Desiccation has taken place in the Great Salt Lake to the point 
of saturation with respect to sodium sulphate and of high concen- 
tration in sodium chloride. CrystaUization is now taking place in 
the take to the extent, at least, that sodium sulphate precipitates 
during cold weather, formii^ a cryBtalliue crust on the surface. 
The crystals doubtless fall to the bottom of the lake, though it has 
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not been establiahed that there is an accumulation of saline material 
on the bottom. 

Neither the probable geological history of the Bonneville Basin nor 
the character of the rocks in which it hes offers any indication of 
the presence of potash, and a o^ative conclusion may be considered 
warrantable. 
nuLL BABmo or ointsai. axd bouthxbm cauvornu. and botttbirn nktada. 

The r^on south and southwest of the Lahontan Basin is similarly 
lacking in seaward drainage. This area likewise was occupied by 
lakes during an earlier period. The topc^aphy of the country is 
such that it is divided by h^h and continuous mountains into a 
number of small basins, each with its individual characteristics. 
In this area are included the Mojave Desert and Searles, Saline, 
Amai^osa, and Death Valleys. The rim rocks of these basins are 
varied and have been but little studied. It is known, however, that 
surrounding them lie rocks of both igneous and sedimentary origin. 
The basement granites of the Sierra Nevada are exposed in places in 
the western part of the area, especially toward the south. 

Of particular interest among the basins of this group is the Searles 
Marsh, or Lake, in San Bernardino County, Cal., which has been 
found in the last stages of desiccation. At present the lake, or 
dried-up remnant of a lake, covers an area of 11 square miles and 
is of unknown depth. It is covered by a crust of saline material, 
beneath which lies a mixture of saline and clayey material. The 
saUne crust has a thickness of 75 to 100 feet and is composed prin- 
cipally of sodium chloride, sulphate, carbonate, and borate. Con- 
siderable segregation has taken place in the crust, though the strati- 
fication is not at all well defined, and there is no strict demarca- 
tion between the saline and clayey strata, but rather a gradual 
transition from the one to the other. 

Various crystalline saline minerals are' found intermixed with the 
loosely defined strata. Among these are halite (NaCl), thenardite 
(NajSO,), gypsum (CaS0,.2H,0), gaylussite (Na,Ca(C0,),.6H40), 
borax, hankaite (Na,K(SOJ,(CO,),a), etc. Both the saline and 
clayey strata are impr^nated with brioe which contains sulphate, 
chloride, carbonate and borate of sodium and, in addition, potas- 
sium and anunonium salts. At certain levels hydrogen sulphide is 
also present. Tbe carbonates and borates render the solution alkar 
line. Its salinity is about 30.34 per cent by weight. 

The determination of potassium in 6 samples of the brine from 
as many different parts of the lake gave an' average value of £.73 
per cent K,0 in the total solids; the extreme values were 7.63 and 
6,06 per cent. These analyses were made by A, R. Merz of the Coop- 
erative Laboratory, at the Mackay School of Mines, Beno, Nov., and 
were duplicated by J. G. Smith, of the Bureau of Soils. 
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The following complete analysis of the brine from the Searles 
Marsh is by W. H. Kosa, of the Bureau of Soils. The sample was col- 
lected by E. E. Free, of the same bureau, from a well on the marsh 
designated as A7. 

Tablb 'Xll.—RewU» of mvUyii* of brint frvm SearUt Lake, 
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Additional results in the following table are expressed in per- 
centages of the original brine by weight. The weight of the total 
solids was taken after drying at 110° C. and includes some water of 
hydration and oi^anic matter. This is expressed by the value 
recorded as loss on ignition. 
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The system which is represented by the Searles Lake brines — one 
containing chlorides, sulphates, carbonates, and borates of sodium and 
potassium — is extremely complex. It can not be accurately foretold, 
therefore, what the conditions controlling the separation of potassium 
salts therefrom will prove to be or with what ease or difficulty the 
separation may be made. Since the carbonates and borates are among 
the more valuable of the various possible products of the lake, the 
potassium salts may be produced as a l^-product. A study of the 
system, sodium chloride, sodium sulphate, sodium carbonate, sodium 
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borate, potaaaium chloride, potassitim sulphate, potassium carbonate, 
potassium borate, and water, or, in shoft, the system represented by 
the water of alkaline lakes and typified by the brine of Searles Lake, 
is being made in the laboratories of the Bureau of Soils, with a view 
to the separation of potassium salts from such brines. 

Owens Lake, occupying a depression on the extreme western 
border of this area, is also of interest in view of the fact that its brine 
has been shown to contain as high as 4.54 per cent of potassium.^ 

It has long been known that the brines of Raibx)ad Valley, Nct., 
contaia a remarkably high percentage of potassium salts. The recent 
analyses of Tarious samples of these brines, by A. R. Merz, of the 
Cooperative Laboratory, Reno, Nev., are given in Table XLIIL 

Table XLIII. — Analysei ofbrinetfrom Embvad VaU^, Iftv. 
[ResQlCs In per Bant of lotal KiUdg.] 
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94 POTASSIUH aALTB DT BALHTBS of the UKITED STAIB& 

The potsBsic brines of this TsUey, however, are fonnd impn^nating 
the detrital materisl on the floor Of the depression and, like the 
biinee of many such basins, are confined to the upper portion of this 
material. The composition of these brines in the various parts of the 
flat are extremely variable, not only in concentration but in the rela- 
tive porportion of the various salts. From a boring which has reached 
a depth of over 1,200 feet lai^e volumes of much fresher water are now 
being obtained.* 

It appeus reasonable to believe that the potassic brines of previous 
agee may have undeigone evaporation in this basin, possibly to the 
point of deposition of potassium compounds, and that such deposits 
lie buried beneath the accumulations of detrit&l material now being 
explored. 

OTHBR BASIMS OF HDIOR HfTORTAHOB. 

The brines of the remnant lakes and the salt crusts of the playas of 
other basins in the Northwest and Southwest have been examined, 
and, in brief, their salines have been found to be almost wholly non- 
potassic in composition. In no instance have potassium compounds 
been found in commercially interesting amounts. 



It ifl strongly indicated that oonditions favorable to the si 
of potassium salts have existed in the r^ons where rock salt now 
occurs. This is especially true of the saUferous r^on of New York 
(and contiguous territory imderlain by rock salt) and Kansas. 

At first sight analogies drawn between these deposits and those at 
Stassfurt make it appear improbable that potassic segregations have 
occurred. The superficial indications are tiiat desiccation took place 
here only to l^e point of deposition of sodium chloride and that a heavy 
influx of fresher water prevented further crystallization. 

It is conclusively shown, however, that fresher water conditions 
were reached in stages. This is evidenced by the interstratification 
of sodium chloride, calcium sulphate, and clay, dwindlii^ in frequency 
and thickness as the surface is approached. The deposition of the 
thick beds of salt, the ones entered by the shafts and wells of those 
regions, must be reguded as the result of one of the periods of aridity. 
Whether they mark the period of greatest desiccation and crystalliza- 
tion or whether in some former period desiccation was even more 
nearly complete and was accompanied by the deposition in strata of 

> We an MlT<a«d b7 Hi. Hojt B. Oilt, of llM U. B. Ocologlad SarT«7, thtt dmBar frah Tatar k taliit mtt 
«*»boaHlw»«ni»dtjat In tha boring h>liiapwTMngB8MF»llai, Not., to tlMl^liMiWTiBaBtn. Itatj, 
pfdupSiba rafwdadai a rign of pntrntotodkBttoftlukt Hue* la no gnat illiiiiiiliialliiii of nUnas bi ^ 



DijiiiiMb, Google 



OOGUHBBKOB OP BBQ&SOAHONS OF POTASSIUM SALTS. 



95 



potassium-beariiig compounds can not be said until the entire salifeiv 
OUB formation has been explored. This should be done by borii^, 
passing through the strata filling the old sea bed at its deepest parts. 
It is of interest that the strata OTerlying the rock-salt formations of 
New York are comparable in a general way to those OTerlying the 
Staesfurt deposits. However, this may have no significance, since we 
know already that the overlying strata in both cases were laid down 
during periods which marked a decreasing rate of desiccation. 
This comparison is brought out by the following tabulation: 

Tablb SLTV.—Compari*on bttaiten itraiigraphy at Btaufurt and New Tori. 
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THE BXAUINATION OF OBBTAIN SALINS CONOENT&ATES FOB UTHIUH, 
BUBIDICH, AKD 0AB8IUU. 

In the investigation of the salines of the United States a collection 
was made of a number of brines which represented concentrates from 
lai^e volumes of solution. These should contain accumulations of 
tiie rarer elements related to sodium and potassium in their chemical 
properties and therefore theoretically associated with these in nature. 
While the search for Uthium, rubidium, and caesium, perhaps, can 
not be said to have logical connection with the search for potash, 
yet the opportunity afforded for such a research by the large collec- 
tion of samples from the various bodies of salines of the United States 
was not one to be overlooked. It is to be regretted that the exi- 
gencies of the work made it impracticable to elaborate tiie methods 
employed to tiie extent that smaller amounts of the rare elements 
looked for could be detected and precise measurements made. 

About 40 of these concentrates were examined spectroscopically 
and compared with standard solutions of lithium chloride. All the 
solutions examined contained lithium. In a few cases rubidium could 
be detected. In one case only it appeared probable that caesium 
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